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ABSTRACT

Screening for breast cancer, the most common cancer in women and the second leading
cause of cancer death, facilitates early detection and timely treatment that can reduce cancerrelated morbidity and mortality. Increasingly, health information technology, including personal
health records (PHRs) which contain detailed health information, has been suggested as having
the potential to improve outcomes and reduce disparities in health care. Updated and relevant
health information can help at-risk women participate in breast cancer screening and make
appropriate clinical decisions.
This dissertation consists of three essays that explore health information seeking
behaviors of women at potential risk of breast cancer through PHRs and examines the effects of
PHRs on the use of recommended breast cancer screening services, with a focus on racial/ethnic
and geographic disparities.
The first essay explores the decision-making process of health information seeking
among women through the PHR use by developing the two-part Hurdle model. This essay finds
that two distinct processes influence health information seeking through PHRs: the use of PHRs
and the frequency of use. Furthermore, determinants of these two processes are different:
demographic factors are the primary factors for the use of PHRs, and socioeconomic factors,
salience, self-efficacy, and health status are the main factors associated with the frequency of
use.
The second essay examines health information seeking behavior of women at potential
risk of breast cancer by exploring factors associated with the use of PHRs for health information
seeking. The essay finds that women who use PHRs are younger, more educated, and more
interested in exchanging medical information with a provider electronically, as well as value
v

more the importance of getting their own medical information electronically compared with
those who do not use PHRs.
The third essay examines the effects of PHRs on breast cancer screening among women
and its racial and geographic differences using an instrumental variables approach. This essay
finds that use of PHRs is positively associated with the use of recommended breast cancer
screening services among women, particularly among underserved and racial/ethnic minorities.
In conclusion, PHR use can empower at-risk women, particularly underserved and minority
women, to participate in recommended breast cancer screening.
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CHAPTER ONE:
INTRODUCTION

1

PURPOSE AIMS, AND OBJECTIVES
This dissertation explores health information seeking behaviors of women at potential
risk of breast cancer and examines whether health information seeking through personal health
records (PHRs) can empower at-risk women to participate in recommended breast cancer
screening. Specifically, this dissertation first explores the decisions of whether and how at-risk
women seek health information through PHR use. Next, given the decision to use PHRs is
made, this dissertation investigates the extent to which factors are associated with the use of
PHRs for seeking health information among at-risk women. Finally, this dissertation examines
whether the use of PHRs for health information seeking can empower at-risk women to use
recommended breast cancer screening services, as well as explores the potential of PHRs to
reduce disparities in recommended breast cancer screening services use among underserved and
minority women. The overall purpose is to contribute to the understanding of the role of PHRs
in promoting the use of potentially life-saving preventive services in vulnerable women of racial
and ethnic minorities and to the formation of better public policy decisions for improving
women’s health. The aims and objectives of this research are as follows:
Aim 1: To examine the decision-making process underlying health information seeking
through PHR use by women at potential risk of breast cancer.
•

Objective 1: To explore the “whether” and “how much” questions of health
information seeking among women.

•

Objective 2: To examine factors related to the decisions of “whether” to seek
health information and “how frequently” they engage in health information
seeking.
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Aim 2: To explore factors associated with the use of PHRs for seeking health information
among women with access to PHRs offered by a provider.
•

Objective 1: To compare among those with access to PHRs, those who use and do
not use PHRs concerning their characteristics.

•

Objective 2: To examine factors associated with the use of PHRs among women
with access to PHRs.

Aim 3: To examine the impact of PHRs on breast cancer screening among women at
potential risk of breast cancer and its racial and geographic differences.
•

Objective 1: To characterize the relationship between health information seeking
via PHRs and breast cancer screening utilization among women aged 40 and
older.

•

Objective 2: To examine the impact of access to and use of PHRs on
recommended mammography use among at-risk women, and whether racial and
geographic differences exist in the effects of PHRs on mammography use.

BACKGROUND AND GAPS IN THE LITERATURE
Screening for breast cancer, the most common cancer in women and the second leading
cause of cancer death, facilitates early detection and timely treatment that can reduce cancerrelated morbidity and mortality. Despite the overall improvement in breast cancer screening
services utilization, disparities in screening mammography use persist among underserved and
minority women. For example, data from the 2013 National Health Interview Survey show that
Hispanic women were less likely to receive recommended mammography compared with non3

Hispanic women (Sabatino et al., 2015). In 2015, the annual mammography screening rate was
lowest among American Indian/Alaska Native women (51.5%), followed by Asians (59.7%),
whites (65.3%), and African Americans (69.8%) (Centers for Disease Control and Prevention,
2016).
Promoting screening for breast cancer continues to be a national policy challenge. One
of the Healthy People 2020 cancer prevention objectives is to increase the proportion of women
(aged 50 to 74 years) who participate in breast cancer screening to 81.1% (U.S. Department of
Health and Human Services, 2017). It is essential to raise public awareness on breast cancer
screening, particularly among those with a lack of knowledge and awareness on breast cancer
and screening mammography.
In recent years, health information technology (HIT), which includes the use of personal
health records (PHRs) that contain detailed health information, has been suggested as having the
potential to improve outcomes and to reduce disparities in health care. Since the implementation
of the federally mandated meaningful use requirements for HIT under the Health Information
Technology for Economic and Clinical Health (HITECH) Act, individuals are increasingly being
offered access to PHRs by providers and are utilizing these for health information seeking. It is
increasingly noted that PHRs will play a central role in individual empowerment and
engagement in patient’s own health and health care (Ball et al., 2007). Individuals are being put
at the center of health care through PHRs in which providers can directly view health
information managed by the patient, which ultimately can lead to better quality in health care and
improved outcomes (Ball et al., 2007). Particularly, PHRs have been suggested as having the
potential to improve outcomes among those underserved with health needs (i.e., chronic
conditions) by providing individual-tailored or patient-centered health information that is
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accessed and managed by the patient. Updated and relevant health information can help
individuals with health concerns or needs to engage in their health and health care and make
appropriate clinical decisions.
Despite the potential benefits of PHRs, the proportion of individuals who use PHRs is
low, albeit increasing (Ancker et al., 2014). According to the 2009-2010 California Healthcare
Foundation survey, about 7% of respondents reported that they have ever used PHRs, and among
those who have not used PHRs, about 21% were ‘very interested’ or ‘somewhat interested’ in
PHR use (Undem, 2010). Furthermore, data from the 2007 Health Information National Trends
Survey (HINTS) indicated that about 86% of the US adults evaluated having access to PHRs as
necessary; however, only 9% of them tracked PHRs using the Internet (Wen et al., 2010). Many
barriers to adopting and continuing to use PHRs were identified in PHR literature including
lower income, lower socioeconomic status, older age, racial/ethnic minorities, lack of computer
and the Internet, lower health literacy, limited technological literacy and skills, poorer health
status, and greater disability (Undem, 2010; Wen et al., 2010; Ancker et al., 2014; Sarkar et al.,
2011; Butler et al., 2013; Emani et al., 2012; Goel et al., 2011b; Kim et al., 2009; Roblin et al.,
2009; Kruse et al., 2012).
Low socioeconomic status is one of the most critical barriers to adopting and continuing
to use PHRs (Yamin et al., 2011; Byczkowski, Munafo and Britto, 2011). Although PHRs have
the potential to empower disadvantaged patients to engage in their health and health care, they
are less likely to have access to the Internet to use PHRs compared with non-disadvantaged
patients (Showell, 2017). According to the meaningful use (MU) stage 2 criteria, providers and
healthcare organizations must document that at least 5% of their patients have electronically
accessed their health records or information (ONC, 2014). Despite the anticipation that more
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providers will provide access to PHRs to their patients electronically, there is no guarantee that
patients with socioeconomic disadvantages will benefit from the use of health information
provided by PHRs due to lack of resources to utilize PHRs.
In spite of growing attention paid to use of PHRs by patients for managing their own
health and health care, less attention has been paid to rigorous research on the extent of PHR use
and its impact on outcomes and disparities in health care. Even less attention has been directed
to studying the impact of PHR use on breast cancer screening in women, especially among
minority and underserved women. Overall, a handful of empirical studies assessed the impact of
PHRs on breast cancer screening, which have mixed findings (Newell et al., 2002; Krist et al.,
2012; 2017; Wright et al., 2012; Thompson et al., 2014). Most of the studies were randomized
clinical trials using specific types of PHRs and functionality as well as certain patient
populations, so that their findings may not be generalizable to other kinds of PHRs and
functionality and patient populations. Moreover, they were based on experimental manipulations
so that natural behaviors of health information seeking among women were not reflected.
Evidence is also scarce on theoretical foundations guiding those empirical studies.
Furthermore, the evidence is scarce on health information seeking through PHRs among
women at potential risk of breast cancer. Possibly, these women have concerns or fears about
developing breast cancer, so that they may look for the information concerning breast cancerrelated symptoms or a diagnosis. Most of the studies assessing individual health information
seeking merely mentioned that women are generally more active (online) information seekers
compared with men, and are interested in various health information sources (Rowley et al.,
2017; Warner and Procaccino, 2004; Cotton and Gupta, 2004). However, those studies did not
examine the decision-making process underlying health information seeking among women.
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Moreover, little is known about the extent to which factors are associated with the use of PHRs
for seeking health information among at-risk women with access to PHRs offered by a provider.
Understanding the mechanism underlying health information seeking through PHRs and
exploring factors associated with the use of PHRs can provide guidance on empowering at-risk
women to engage in their health and health care, which ultimately can lead to improved
outcomes.

CONTRIBUTIONS
There are four main contributions of this dissertation. First, this dissertation contributes
to the literature and health policy discussions by examining the question of whether access to and
use of PHRs improve the use of recommended mammography among women at risk of breast
cancer and by exploring the potential of PHRs to reduce disparities in breast cancer screening
among underserved and racial/ethnic minorities. Second, this dissertation adds to knowledge and
understanding of the link between health information seeking via technological means and health
services use by developing a conceptual framework. Third, this dissertation contributes to the
literature and the understanding of health information seeking behaviors of women at potential
risk of breast cancer by examining the decision-making process underlying health information
seeking through PHR use and exploring factors associated with the use of PHRs. Lastly, the
study methodologically contributes to the literature by addressing the endogeneity of PHR use
using an instrumental variable approach and by developing the two-part Hurdle model for
explaining two distinct processes of health information seeking through PHR use.

7

According to the U.S. Preventive Services Task Force (USPSTF) guidelines, women
aged 50-74 years are recommended to have a biennial screening mammography (Grade B: the
net benefit of the service is significant), while women aged below 50 years may start regular,
biennial screening mammography based on patient context (Grade C: the net benefit of the
service is small). The rationale for choosing women aged 40 and older as an inclusion criterion
is that women aged 50-74 years are recommended to be screened for breast cancer regularly
based on the USPSTF guidelines, and women before 50 years are also practically recommended
to be screened for breast cancer based on professional judgement and patient preferences
(USPSTF, 2018).
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CHAPTER TWO:
USE OF PERSONAL HEALTH RECORDS FOR HEALTH INFORMATION SEEKING
AMONG WOMEN

9

PURPOSE
This paper explores the “whether” and “how much” questions of health information
seeking through personal health records (PHRs) among women at potential risk of breast cancer.
Despite prior studies examining health information seeking behavior of women, little research
has been conducted on the extent of women at potential risk of breast cancer. Most of the prior
studies merely mentioned that women are more active online information seekers compared with
men, and are interested in various health information sources. However, those studies did not
examine the mechanisms underlying health information seeking through PHRs among at-risk
women. Exploring the decision and process of health information seeking through PHRs can
provide guidance on empowering at-risk women to engage in their health and health care, which
ultimately can lead to improved outcomes.

BACKGROUND
With the information revolution and technology development, the influence of
information technologies on our society has become substantial. One of the primary features of
information technology is the quest for health information (Goldman and Macpherson, 2006;
Bouche and Migeot, 2008). Individuals, regardless of their different characteristics, increasingly
seek health information using information technology. Health information seeking, pertaining to
“behaviors or actions to acquire or obtain information about their health, health risks, illness, and
health promotion and prevention activities” (Johnson, 1997; Barsevick and Johnson, 1990;
Lambert and Loiselle, 2007), has been documented in the literature as an essential component of
health-related behaviors and decision-making (Warner and Procaccino, 2004; Fahrenwald and
Walker, 2003; Budden et al., 2003; Hashimoto and Fukuhara, 2004).
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Health information seeking is particularly important for individuals with health concerns
or needs because they are more likely to have questions regarding their conditions or symptoms.
Thus, they may look for answers to their questions, which can facilitate clinical decision-making.
For example, middle-aged and older women may look for information concerning breast cancerrelated symptoms or diagnosis, because they are concerned about having breast cancer. Updated
and relevant medical information can help them participate in breast cancer screening and get
involved in making an appropriate clinical decision. Furthermore, it can empower them to take
an active role in managing their health and health care, and to adhere to recommended preventive
health practices (Meischke et al., 2005; Shi et al., 2004; Ball et al., 2007).
Increasingly, individuals adopt and use personal health records that provide
comprehensive and accurate individual health information to users. The Personal Health Record
(PHR) is defined as “an electronic application through which individuals can access, manage and
share their health information, and that of others for whom they are authorized, in a private,
secure, and confidential environment” (The Markle Foundation's Connecting for Health
collaborative). PHRs enable users to easily access and use health information to manage their
own health and health care and to communicate with providers in an efficient manner (Meischke
et al., 2005; Ball et al., 2007). According to Markle’s report, about 60% of US adults would
create a secure online PHR and more than half mentioned that they would actually use PHRs.
A study by Wen and colleagues (2010) investigated consumers’ perception and attitudes
toward PHRs and their use using data from the 2007 Health Information National Trends Survey
and found that most of the surveyed US adults evaluated PHRs as necessary or important for
acquiring health information; particularly, Hispanics, younger adults, and Internet users valued
the importance of access to their PHRs. Furthermore, a California survey assessing PHRs
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revealed that among the respondents, those with higher levels of education and income were
more likely to use PHRs compared with individuals with lower levels of education and income
(Undem, 2010). According to the recent forecast, approximately 75% of adults will adopt and
use a PHR by 2020 (Ford et al., 2016).
Although individuals increasingly use PHRs for health information seeking, little is
known about health information seeking through PHRs among women at potential risk of breast
cancer. These women may have concerns or fears about having breast cancer, so that they may
look for information concerning breast cancer-related symptoms or a diagnosis. The evidence is
scarce on the decision-making process underlying health information seeking among these
women. Understanding the decision and process of health information seeking can guide
developing interventions or a policy to improve preventive health behavior and outcomes among
at-risk women.

REVIEW OF LITERATURE
The purpose of this section is to provide an overview of the existing literature on health
information seeking behavior of women.

Overview of research on health information seeking behavior
Research on health information seeking behavior has evolved as the availability and
accessibility of information technologies have improved. Initial works on health information
seeking behavior began in the late 1980s focused on self-care and predictors of health promotion
and prevention (Loiselle and Dubois, 2003). Afterward, studies in the mid-1990s started
examining health information seeking behavior scientifically. Investigators had interest in
explaining why and how individuals receive health information, what specific types of
12

information they prefer, and how they retrieve and use health information (Lambert and Loiselle,
2007; Hupcey et al., 2001; Morse et al., 1996). A concept analysis by Lambert and Loiselle
(2007) explored the nature of health information seeking behavior by critically reviewing the
scientific literature between 1982 and 2006 and found that the concept of health information
seeking has been used in various contexts, including coping with health-related problems or
situations, involvement or engagement in medical decision-making, and behavior change and
preventive behavior.
Notably, researchers have been continuously interested in asking why individuals choose
particular sources for acquiring health information (Warner and Procaccino, 2004). According to
complementarity theory (Dutta-Bergman, 2004a, 2004c), individuals generally consider four
characteristics when choosing particular health information sources, including access to medical
expertise, tailorability, anonymity, and convenience. Among these characteristics, ‘access to
medical expertise’, pertaining to “the degree to which a source provides access to medical
expertise” (Lenz, 1984) is essential for information seekers because they consider information
from medical professionals as a credible source (Brashers et al., 2006). Often times, individuals
seek health information online, since online information provides them with advantageous
features, including ‘tailorability (i.e., whether information is unique to one’s circumstance)’,
‘anonymity (i.e., the degree to which others identify the information seeker)’, and ‘convenience
(i.e., relative effortlessness to acquire health information) (Fox and Rainie, 2000).

Literature on health information seeking behavior of women
Despite numerous studies on health information seeking, scant research has been
conducted on the extent of women at potential risk of breast cancer. Most of the studies
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assessing health information seeking behavior of women merely mentioned that women are
generally more active online information seekers compared with men, and are interested in
various health information sources (Rowley et al., 2017; Warner and Procaccino, 2004; Cotton
and Gupta, 2004). However, those studies did not look at the mechanisms underlying health
information seeking through PHRs among women.
Warner and Procaccino (2004) examined health information seeking in women and their
awareness of health resources by conducting a survey based on Kuhlthau’s Information Search
Process (ISP) model and found that more than one third of the surveyed women seek health
information beyond health professionals and are willing to learn more outside of health systems
(i.e., online search). However, the respondents overall had a low awareness of numerous
beneficial health information resources, including MedlinePlus (http://medlineplus.gov) and the
National Institutes of Health Web site (http://www.nih.gov).
A UK study by Rowley and colleagues (2017) explored gender differences in health
information seeking behaviors by surveying adult Internet users. Using confirmatory factor
analysis, these authors found that, overall, gender plays the main role in differences in health
information seeking behaviors; particularly, women as active information seekers are more likely
to consult various kinds of health information sources and are more likely to use mobile devices
for acquiring health information compared with men.
Ahadzadeh and Sharif (2017) investigated online health information seeking behavior of
Malaysian women in urban areas using the Technology Acceptance Model and structural model
analyses and found that perceived usefulness (i.e., the extent to which an individual believes a
technology would improve her task performance) and attitudes towards using the technology,
significantly, positively influenced online health information seeking. However, no significant
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relationship between perceived ease (i.e., the degree to which an individual sees that using the
technology would free from the effort) and online health information seeking was found.
A qualitative study by Nasrabadi and colleagues (2015) examined whether and how
health information seeking may influence women’s empowerment, pertaining to “a process
through which women control their matters and aspects of life” (Zimmerman, 1995) using a
content analysis with a sample of 17 Iranian women, and found that the women perceived that
health information seeking empowered them to control their stress and health concerns, to
communicate with health professionals more effectively, and to care for themselves and deal
with their symptoms or illness.
Lee (2016) explored mothers’ health information seeking behaviors by systematically
reviewing the literature between 1994 and 2015 and found that from about 30% of the articles,
online health information was identified as the primary source for health information among
mothers and over 50% of the studies examined mothers’ health information seeking behavior
focusing on both online and offline information sources. Overall, less than 20% of the articles
explained mothers’ health information seeking methods and strategies.
A Canadian study by Wathen and Harris (2006) examined health information seeking
behavior by conducting interviews of women in rural areas of Ontario and found that women in
rural areas seem to have a broader perspective of defining their health and a strong sense of selfreliance in dealing with and managing their health or conditions, and look for health information
by using more interpersonal sources such as friends and family. They also found that women
seem to have difficulty or challenges in seeking appropriate health information online, as they
perceive that there is too much information online.
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Despite the studies examining health information seeking behavior of women, there is an
absence of evidence on the extent of women at potential risk of breast cancer. Furthermore, to
date, no study has examined the decision-making process underlying health information seeking
through PHRs among women. This study addresses these gaps in the literature by exploring
factors associated with the decisions of “whether” to seek health information and, among at-risk
women who have decided to do so, “how frequently” they engage in this potentially life-saving
health-seeking behavior.

METHODS
Hypotheses
Based on the existing literature, the study developed the following hypotheses:
Null Hypothesis: Health information seeking through PHRs among women will not be
influenced by two distinct decision processes: use of PHRs and frequency of use.
Alterative Hypothesis:
A. Health information seeking through PHRs among women will be influenced by two
distinct decision processes: use of PHRs and frequency of use.
B. If health information seeking through PHRs consist of two distinct decision
processes, different sets of factors will be associated with those two decision
processes:
B1. Demographic factors (age, race, and marital status) will be associated with both
use and frequency of use of PHRs.
B2. Salience will be associated with the frequency of use of PHRs.
B3. Self-efficacy will be associated with the frequency of use of PHRs.
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B4. Socioeconomic factors (income and education) will be associated with both use
and frequency of use of PHRs.

Conceptual model
This study selected the variables of interest guided by the Comprehensive Model of
Information Seeking (CMIS) developed by J. David Johnson that explains why and how
individuals seek information via communication channels using a holistic approach (Johnson and
Meischke, 1993). The CMIS stems from the synthesis of the three theoretical models: the Health
Belief Model (HBM), the Model of Media Exposure and Appraisal, and Uses and Gratifications
Theory. Mainly, Uses and Gratifications Theory posits that individuals select media and
contents that meet their needs, and actively seek information using the media they chose (Rubin,
1986). Meanwhile, the HBM complements the weakness of the Uses and Gratifications Theory
that does not explain the motivating conditions for information seeking among individuals.
Therefore, the CMIS incorporates the components of the HBM to explain individual information
seeking in the context of health.
According to the CMIS, information seeking action, defined as “purposive acquirement
of information from selected information carriers” (Johnson and Meischke, 1993, p350), is
considered to be a function of two individual characteristics: health-related and information
carrier. Health-related characteristics, drawn from the HBM, include demographics (age, sex,
and race), direct experience with the disease, salience (i.e., perceived health risk), and beliefs
(i.e., self-efficacy). Information carrier factors, drawn from the Model of Media Exposure and
Appraisal, include characteristics (i.e., editorial tone and communication potential) and utility of
a medium (i.e., perceived readiness or motive to seek information). Notably, information carrier
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characteristics involve the extent to which individuals evaluate the certain medium directly,
while utility is concerned with whether the information contained in the medium directly relates
to individuals’ needs. Therefore, the CMIS posits that individual information seeking action is
predicted by health-related factors conditioned by information carrier factors.
Han and colleagues (2010) examined how individual characteristics (demographics and
disease-related factors) may affect the use of different types of the services in the Comprehensive
Health Enhancement Support System (CHESS), an Interactive Cancer Communication System,
which provides health information and learning services among breast cancer patients by
applying the CMIS. They found that older, less educated, and African American women were
less likely to use the CHESS services compared with younger, educated, and Caucasian women
and those who had experienced medical treatment or procedures were more likely to use the
CHESS services than those who did not undergo medical procedures or treatment. Their
findings revealed that overall, the CMIS was useful to explore how cancer patients selected and
used resources or media to seek cancer information.

Data and Study Sample
The study used the 2015 Health Information National Trends Survey (HINTS 4 Cycle 4),
a nationally representative health information survey administered by the National Cancer
Institute (NCI). The rationale for using the HINTS is that compared with other national surveys,
HINTS includes all related information concerning the use of information technologies and
health information seeking behaviors in the general adult population. Notably, the 2015 data
include information regarding the use of PHRs, which is the primary interest of the study.
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HINTS data were collected through the mail. All households received four mailings
including a reminder, and following reminders were sent to those who did not respond. For
potentially Spanish-speaking families, both English and Spanish versions of surveys were sent.
Among 3,677 respondents in total, 3,529 people provided complete responses, while 148
respondents provided partial responses. For multiple and missing responses, two types of
imputation methods were used. Specifically, multiple responses were replaced by a single
imputed answer, which was the most commonly occurring answer, and hot-deck imputation was
used for missing responses so that the distribution of observed values was kept.
The sampling design of HINTS consisted of two stages. In stage 1, households were
randomly selected from the U.S. residential address file. The sampling frame of addresses was
categorized into three areas: high concentration of minority population, low concentration of
minority population, and Central Appalachia. Each of these was assigned to the high-minority
stratum, the low-minority stratum, and the Central Appalachia stratum, respectively. From each
stratum, an equal-probability sample of addresses was selected. The high-minority stratum was
oversampled (from 25% to 63.3%), whereas the low-minority stratum was undersampled (from
74.2% to 35.6%). In the second stage, one adult was selected from each sampled household
using the Next Birthday Method. The overall response rate was 34.44 percent.
The study sample included 1,159 women aged 40-75 years without a diagnosis of cancer
among 3,677 respondents, after excluding the women not aged 40-75 years. I selected this
specific age range because women in this age range are practically recommended to be screened
for breast cancer, based on the U.S. Preventive Services Task Force guidelines (USPSTF, 2016).
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Variables and Measures
The main outcome of the study was ‘frequency of use of PHRs’, obtained from the survey
question, “How many times did you access your own personal health information online through
a secure website or app in the last 12 months?” The HINTS categorized ‘frequency of use of
PHRs’ into ‘none’, ‘1 to 2 times’, ‘3 to 5 times’, ‘6 to 9 times’, and ’10 or more times’.
Guided by the CMIS, the study controlled for individual characteristics including age (in
years), race or ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, and Asian), marital
status (yes or no), beliefs (i.e., self-efficacy), salience (i.e., personal significance of health
information), employment status (yes or no), education, income, and general health status.
Education was measured by the highest level of school an individual completed, categorized by
the HINTS into ‘less than high school’, ‘high school graduate’, ‘some college’, and ‘college
graduate or more’. Income indicated annual household income, categorized by the HINTS into
‘< $20,000’, ‘$20,000 to < $50,000’, ‘$50,000 to < $75,000’, and ‘$75,000 or More’. General
health status was measured by self-reported health (excellent, very good, good, fair, or poor).
Self-efficacy was measured by the extent to which a woman feels confident about taking care of
her own health. Salience (i.e., personal importance of health information) was measured by the
extent to which a woman is interested in exchanging diagnostic information (i.e., medical
illnesses or diseases) with a provider electronically, categorized by the HINTS into ‘very’,
‘somewhat’, ‘a little’, and ‘not at all’. Prior research also used this measure for salience (Kim,
Powell, and Bhuyan, 2017). Furthermore, the information carrier factor ‘utility of PHRs’ (i.e.,
perceived readiness or motive to seek information) was included in the study. Utility of PHRs
was measured based on the survey questionnaire “You should be able to get to your own medical
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information electronically”, evaluated by survey respondents concerning its importance,
categorized by the HINTS into ‘very important’, ‘somewhat important’, ‘not at all important’.

Empirical models and Estimation strategies
This study employs the Hurdle model (also known as a two-part model) as an empirical
model because it can explain individuals’ health information seeking behavior as two processes
that I hypothesized: use of PHRs and frequency of use. I assume that different sets of factors
influence these two processes. Also, I compare results from the Hurdle model with those from a
Tobit model. The rationale for comparing these two models is that the Hurdle model generalizes
the Tobit model by allowing for a distinct decision process (Cragg, 1971).

The Hurdle model
The Hurdle model, initially developed by Mullahy (1986), is a modified count model
with two different parts: the participation part and amount part. Explicitly, the Hurdle model
assumes that count outcomes (i.e., the frequency of use of PHRs) result from two different
processes where the first process determines whether a count outcome is a zero or positive value
(the participation part), and the second one assesses all positive counts (the amount part). In
other words, the Hurdle model is a mixture of a model for the binary outcome of whether a count
variable has a zero or a positive value and a truncated model for positive counts. While the first
part estimates the likelihood of observing a positive outcome (“hurdle is passed”), the second
part estimates the amount of the participation contingent on observing a positive outcome (Dow
and Norton, 2003).
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The Hurdle model has been widely used in health economics, as well as other fields. One
of the typical applications of the Hurdle model is for estimating the demand for health care. For
example, Pohlmeier and Ulrich (1995) examined medical services utilization among individuals
using the 1985 German Socioeconomic Panel data and a negative binomial distributed hurdle
model and found that the demand for medical services consisted of two distinct decision
processes: the patient’s decision to visit the physician and the number of doctor visits.
Moreover, Wodjao (2007) investigated the use of computers and the Internet among US
households by using a double hurdle model and found that the use of home computers and the
Internet are affected by two separate decisions: the decision to have a computer/the Internet and
the decision on the number of times used.
The present study employed the two-part Hurdle model to investigate whether health
information seeking through PHRs among at-risk women consists of two different decision
processes: use of PHRs and frequency of use. Furthermore, the Hurdle model can address the
issue of excess zeros that are different from true zeros observed in the survey data with which a
Poisson or Negative Binomial model underpredicts (Lee et al., 2005; Greene, 1994). Therefore,
the Hurdle model that was estimated in this study consists of two processes: (1) A woman
decides on whether to use PHRs; (2) After the use decision is made, she determines the
frequency of use of PHRs.
The study incorporated HINTS survey weights for all statistical analyses to ensure that
our results will reflect the US female adult population. SAS 9.4 (NC, USA) was used for all
statistical analyses. Statistical significance was assessed at two-sided p-value <0.05.
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RESULTS
Descriptive Statistics
Table 1 presents the sample characteristics of the women included in the analysis.
Overall, 25.71% of women used PHRs (1 to 2 times, 13.25%; 3 to 5 times, 6.44%; 6 to 9 times,
3.15%; 10 or more times, 2.87%). Over one-third of women reported that they have access to
PHRs offered by a provider electronically. The weighted mean age of the sample was 56.76, and
about two-thirds were married. While more than half were non-Hispanic whites (62%), over
10% were non-Hispanic blacks (11.75%) and Hispanics (14.70%), respectively. About twothirds had some college or more education, while about 16% had less than high school education.
Over 60% of women were interested in exchanging medical information with a provider
electronically. More than two-thirds reported that they were very or somewhat confident about
taking care of their own health. About one-third had incomes of $75,000 or more, while about
17% had incomes less than $20,000. Over half of women reported their health status as good or
fair, and less than half reported their health status as excellent or very good. The majority of
women valued the importance of getting their own medical information electronically.
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Table A-1: Sample Characteristic of Women in the 2015 HINTS Survey a
Characteristic
Use of PHRs
None
1 to 2 times
3 to 5 times
6 to 9 times
10 or more times
Access to PHRs
Yes
No
Age (mean ± SD c)
Marital status
Yes
No
Race/Ethnicity
White
Black
Hispanic
Asian
Education
Less than high school
High school graduate
Some college
College graduate or more
Salience (Interested in exchanging medical
information with a provider electronically)
Some/A little
Not at all
Self-efficacy (Confident about taking care of your
own health)
Very confident
Somewhat confident
Not confident
Income
< $20,000
$20,000 to < $50,000
$50,000 to < $75,000
$75,000 or More
Not reported
General health status
Excellent/Very good
Good/Fair
Poor
24

Nb

Weighted %/Mean

841
168
89
35
26

74.27 (1.85)
13.25 (1.37)
6.44 (0.92)
3.15 (0.80)
2.87 (0.83)

739
420

63.63 (2.08)
36.37 (2.08)
56.76 ± 9.36

617
542

66.26 (1.84)
33.73 (1.84)

579
230
193
39

62.57 (1.88)
11.75 (1.05)
14.70 (1.36)
3.20 (0.67)

118
244
359
438

16.50 (1.77)
21.56 (1.82)
32.62 (2.24)
29.31 (1.74)

793
366

67.34 (2.09)
32.65 (2.09)

263
616
280

21.12 (1.69)
54.44 (2.21)
24.43 (2.01)

258
307
180
300
114

17.04 (1.46)
24.99 (1.88)
17.26 (1.77)
30.36 (2.09)
10.32 (1.42)

488
626
45

43.49 (2.20)
53.74 (2.21)
2.75 (0.56)

Table A-1 (Continued)
Characteristic
Utility of PHRs (Important to get your own medical
information electronically)
Very important
Somewhat important
Not at all important
Note. Standard errors are in parentheses.
a. Health Information National Trends Survey
b. Unweighted N
c. Standard deviation
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Nb

Weighted %/Mean

774
295
90

66.33 (2.12)
25.89 (1.96)
7.76 (1.21)

Table 2 shows descriptive statistics by the frequency of use of PHRs. Overall, more
whites than other racial groups used PHRs frequently (1-2 times, 69.71%; 3-5 times, 67.50%; 6-9
times, 79.36%; 10 or more times, 69.44%). The proportion of Hispanics using PHRs
substantially decreases as the frequency of use increases (1-2 times, 10.52%; 3-5 times, 3.92%;
10 or more times, 1.89%), which shows a different pattern from other racial groups. The
proportion of women with lower education level (less than high school) decreases as the
frequency of use increases (1-2 times, 8.20%; 3-5 times, 3.92%), while the proportion of women
with higher education levels increases as the frequency of use increases [1-2 times, 8.46%; 3-5
times, 13.04%; 6-9 times, 13.22%; 10 or more times, 15.79% (high school graduate); 1-2 times,
32.59%; 3-5 times, 34.70%; 6-9 times, 56.89 % (some college education)]. The proportion of
women with lower income levels (less than $20,000) decreases as the frequency of use increases
(1-2 times, 8.37%; 3-5 times, 5.61%; 6-9 times, 1.70%), while the proportion of women with
higher income levels ($75,000 or more) increases as the frequency of use increases (3-5 times,
40.94%; 6-9 times, 47.13%), despite several variations. These results indicate that women of
lower socioeconomic status (SES) are less likely to use PHRs frequently compared with those
with higher SES. Furthermore, the proportion of women with higher salience increases as the
frequency of use increases (1-2 times, 74.56%; 3-5 times, 79.79%; 6-9 times, 98.11%; 10 or
more times, 100%). However, no specific patterns were found for self-efficacy and general
health status.
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Table A-2: Descriptive Statistics by Frequency of Use of Personal Health Records
Frequency of Use of PHRs

Variables
Race or Ethnicity
White
Black
Hispanic
Asian
Age (mean ± SD b)
Marital status
Yes
No
Education
Less than high school
High school graduate
Some college
College graduate or more
Income
< $20,000
$20,000 to < $50,000
$50,000 to < $75,000
$75,000 or More
Self-efficacy (Confident about taking care of
own health)
Very confident
Somewhat confident
Not confident
Salience (Interested in exchanging medical
information with a provider electronically)
Some/A little
Not at all

None
(N=841)
%/Mean SE a

1 to 2 times
(N=168)
%/Mean SE a

3 to 5 times
(N=89)
%/Mean SE a

6 to 9 times
(N=35)
%/Mean
SE a

10 or more times
(N=26)
%/Mean
SE a

59.89
2.28
11.49
1.24
17.50
1.72
3.11
0.73
57.25 ± 9.41

69.71
4.15
10.28
2.29
10.52
3.02
2.68
1.93
55.39 ± 9.38

67.50
6.19
14.85
3.45
3.92
2.06
4.75
3.71
55.22 ± 8.82

79.36
5.14
9.55
3.78
̶
̶
̶
̶
56.40 ± 8.79

69.44
12.32
20.60
10.72
1.89
1.61
8.04
6.26
54.46 ± 8.98

64.93
35.06

2.23
2.23

68.82
31.17

4.44
4.44

67.45
32.54

6.23
6.23

67.75
32.24

8.96
8.96

84.51
15.48

6.68
6.68

20.35
25.21
31.02
23.40

2.27
2.29
2.59
1.83

8.20
8.46
32.59
50.73

2.60
2.26
5.89
5.47

2.43
13.04
34.70
49.81

1.78
4.46
7.66
7.35

̶
13.22
56.89
29.87

̶
6.37
11.51
9.93

4.69
15.79
42.68
36.82

4.63
10.66
15.80
13.23

20.73
24.79
17.15
26.04

1.90
2.18
2.11
2.44

8.37
19.49
20.79
42.69

2.12
3.97
4.61
5.53

5.61
35.31
10.26
40.94

2.06
7.82
2.88
7.03

1.70
24.76
19.80
47.13

1.10
7.56
13.68
11.92

4.20
32.73
16.72
43.12

3.17
15.79
9.04
14.87

22.21
51.54
26.24

2.07
2.65
2.47

19.21
63.62
17.16

3.66
4.94
3.78

14.23
63.80
21.96

3.84
6.92
6.44

23.80
52.28
23.90

10.73
11.98
7.47

14.29
68.45
17.24

7.62
12.50
10.36

61.88
38.11

2.57
2.57

87.61
12.38

2.98
2.98

71.32
28.67

7.39
7.39

89.65
10.34

6.89
6.89

81.68
18.31

11.26
11.26
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Table A-2 (Continued)
Frequency of Use of PHRs
Variables
Utility of PHRs (Important to get your own
medical information electronically)
Very important
Somewhat important
Not at all important
General health status
Excellent/Very good
Good/Fair
Poor

None
(N=841)
%/Mean SE a

1 to 2 times
(N=168)
%/Mean SE a

3 to 5 times
(N=89)
%/Mean SE a

6 to 9 times
(N=35)
%/Mean
SE a

10 or more times
(N=26)
%/Mean
SE a

61.04
29.04
9.90

2.58
2.41
1.57

74.56
24.12
1.30

4.86
4.81
1.09

79.79
16.48
3.72

6.76
6.16
3.65

98.11
1.88
̶

1.54
1.54
̶

100.00
̶
̶

0.00
̶
̶

40.29
56.65
3.05

2.61
2.63
0.71

60.30
38.18
1.51

5.30
5.29
0.86

44.79
52.69
2.51

7.26
7.32
1.56

74.86
20.99
4.14

7.68
6.29
4.18

11.39
88.60
̶

6.91
6.91
̶

a. Standard error
b. Standard deviation

28

The Hurdle Estimates
Table 3 presents results from the Hurdle model estimation. The first stage equation
estimates the decision to use PHRs, while the second stage equation estimates the decision of
frequency of use of PHRs. Specifically, the coefficients in the first stage equation indicate the
extent to which related factors are associated with the decision to use PHRs by at-risk women,
while the coefficients in the second stage equation indicate how each variable is associated with
the frequency of use, given the decision to use PHRs is made.
Primarily, the Hurdle estimation reveals that health information seeking among women
through PHRs consist of two distinct decision processes: use of PHRs and frequency of use, and
different sets of factors are associated with those two processes. Hypothesis B1 posited that
demographic factors including age, race, and marital status would be associated with both
decisions of PHR use and frequency of use among women. The results show that age is
significantly, positively related to the use decision (β=0.03, p=0.0002), while marital status
(‘no’) is significantly, negatively related to the decision of frequency of use (β=-0.33, p=0.006).
In regard to race or ethnicity, the results indicate that ‘Hispanic’ is significantly, positively
related to the use decision (β=0.98, p=0.001), but is not significantly related to the decision of
frequency of use, while ‘Asian’ is significantly, positively related to the decision of frequency of
use (β=0.85, p=0.022), but is not significantly related to the use decision. Hypothesis B2 posited
that salience would be associated with the frequency of use of PHRs. The results indicate that
lower salience is significantly, negatively related to both decisions of PHR use and frequency of
use (β=-0.32, p=0.008; β=-0.27, p=0.016, respectively). Hypothesis B3 posited that self-efficacy
would be associated with the frequency of use of PHRs. The results show that higher levels of
self-efficacy are significantly, negatively associated with the decision of frequency of use [β=-
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0.35, p=0.004 (very confident); β=-0.23, p=0.017 (somewhat confident)]. Hypothesis B4 posited
that socioeconomic factors including income and education would be associated with both use
and frequency of use of PHRs. The results indicate that higher education levels are significantly,
positively related to both decisions of PHR use and frequency of use [β=0.75, p=<.001(high
school graduate; some college); β=0.53, p=0.0003 (college graduate or more)], while lower
income level (‘less than $20,000’) is significantly, negatively related to the decision of frequency
of use (β=-0.39, p=0.043).
After estimating the second stage equation by removing all non-significant variables
(‘reduced model’), I found some differences in coefficients and significance levels. Specifically,
the effects of race (‘Asian’), income, and self-efficacy were not significant anymore. Similar to
the previous results, however, marital status (‘no’), education, and salience remained significant.
That is, marital status (‘no’) is significantly, negatively related to the decision of frequency of
use (β=-0.18, p=0.021). Higher education levels are significantly, positively related to both
decisions of PHR use and frequency of use [β=0.81, p=<.001 (high school graduate); β=0.87,
p=<.001; (some college); β=0.67, p=<.001 (college graduate or more)]. Lower salience is
significantly, negatively related to the decision of frequency of use (β=-0.27, p=0.016).
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Table A-3: Estimation Results of the Hurdle Model (dependent variable: frequency of
use of PHRs
#1 Stage Eq. a
Variables
Race or Ethnicity
White
Black
Hispanic
Asian
Age
Marital status (No)
Education
Less than high school
High school graduate
Some college
College graduate or more
Income
< $20,000
$20,000 to < $50,000
$50,000 to < $75,000
$75,000 or More
Self-efficacy
Very confident
Somewhat confident
Salience (Not at all)

#2 Stage Eq. b

#2 Stage Eq. c
(reduced)
Estimate p-value

Estimate

p-value

Estimate

p-value

-0.38
-0.14
0.98
0.14
0.03
-0.08

0.110
0.599
0.001
0.751
0.0002
0.640

0.24
0.43
0.09
0.85
0.01
-0.33

0.375
0.125
0.807
0.022
0.457
0.006

0.27
0.40
-0.03
0.67
̶
-0.18

0.316
0.158
0.929
0.065
̶
0.021

0.37
0.75
0.75
0.53

0.270
<.001
<.001
0.0003

0.33
0.81
0.87
0.67

0.021
<.001
<.001
<.001

-0.39
-0.03
-0.17
0.13

0.043
0.804
0.239
0.295

-0.29
-0.01
-0.09
0.13

0.127
0.949
0.949
0.949

-0.35
-0.23
-0.32

0.004
0.017
0.008

-0.19
-0.12
-0.27

0.090
0.161
0.016

0.34
-0.43
-0.49

0.244
0.167
0.422

̶

̶
̶

̶

-0.37
-0.04
-0.18

0.017
0.809
0.515

-0.32
0.03
-0.03

Utility of PHRs

Very important
Somewhat important
Not at all important
General health status
Excellent/Very good
Good/Fair
Poor

̶

̶

0.029
0.812
0.920

a. #1 Stage equation as a model for the binary outcome of whether frequency of use of PHRs has a zero
or a positive value estimates the decision to use PHRs.
b. #2 Stage equation as a truncated model for positive counts estimates the decision of frequency of use
of PHRs.
c. After removing non-significant variables including age and utility of PHRs.
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The Tobit Estimates
This study also estimated the Tobit model to compare results from those of the Hurdle
model, which are presented in Table 4. The results show that the frequency of use of PHRs is
lower among Hispanics (β=-0.66, p=0.036) compared with whites, and the frequency of use
decreases with age (β=-0.02, p=0.025). Compared with women with higher education (college
degrees or more education) and income levels ($75,000 or more), the frequency of use is lower
among those with lower education [β=-1.24, p=0.001 (less than high school)] and income levels
[β=-0.74, p=0.035 (less than $20,000)], respectively. The frequency of use is lower in women
who were not interested in exchanging medical information with a provider electronically (β=0.65, p=0.001) than those who were interested in exchanging medical information with a
provider electronically. Moreover, the frequency of use is lower among women who did not
value the importance of getting their own information electronically (β=-2.02, p=0.0003)
compared with those who valued the importance of getting their own information electronically.
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Table A-4: Estimation Results of the Tobit Model (dependent variable: frequency of use of
PHRs
Model 2 b
Model 1 a
(reduced)
Variables
Estimate
p-value
Estimate
p-value
Race or Ethnicity (Ref.: White)
Black
0.34
0.205
0.33
0.202
Hispanic
-0.66
0.036
-0.66
0.036
Asian
0.29
0.544
0.33
0.483
Age
-0.02
0.025
-0.02
0.015
Marital status (No)
-0.10
0.619
̶
̶
Education (Ref.: College graduate or more)
Less than high school
-1.24
0.001
-1.21
0.001
High school graduate
-0.82
0.002
-0.79
0.003
Some college
-0.04
0.852
-0.02
0.923
Income (Ref.: $75,000 or More)
< $20,000
-0.74
0.034
-0.77
0.018
$20,000 to < $50,000
0.49
0.038
0.49
0.029
$50,000 to < $75,000
-0.25
0.296
-0.23
0.340
Self-efficacy (Ref.: Very confident)
Not confident
0.31
0.161
̶
̶
Salience (Ref.: Some/A little)
Not at all
-0.65
0.001
-0.66
0.001
Utility of PHRs (Ref.: Very important)
Somewhat important
-0.92
<.001
-2.04
0.0002
Not at all important
-2.02
0.0003
-0.92
<.0001
General health status (Ref.: Excellent/Very
good)
Good/Fair
0.10
0.554
̶
̶
Poor
0.76
0.186
̶
̶
a. Tobit model with no two-part approach.
b. After dropping non-significant variables including marital status, self-efficacy, and general health
status
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DISCUSSION AND CONCLUSION
This study was initially motivated to fill gaps in the literature on health information
seeking behavior of women. Despite prior studies on health information seeking behavior of
women, little research has been conducted on the extent of women at potential risk of developing
breast cancer. Furthermore, little is known about the decision-making process of health
information seeking through PHRs. This study addresses these gaps by employing the two-part
Hurdle model to explore whether and how much questions of health information seeking through
PHR use by at-risk women. The primary finding of the study is that health information seeking
through PHRs is influenced by two distinct decision processes: the decision to use PHRs and the
decision of frequency of use. Furthermore, different sets of factors are associated with these two
different decision processes. Specifically, demographic factors as age and race are the primary
factors for the use decision, while socioeconomic factors including education and income, selfefficacy, salience, and health status are the main factors for the frequency of use decision. This
finding implies that the frequency of use decision is pivotal concerning PHR use.
The findings also indicate the presence of the ‘digital divide’ in PHR use for health
information access. Specifically, the proportion of Hispanic women using PHRs substantially
decreases as the frequency of use increases. The Hurdle estimation also finds that although race
‘Hispanic’ increases the decision to use PHRs, it is not significantly related to the frequency of
use decision. Hispanics may not have sufficient resources to utilize PHRs frequently, although
they wish to use PHRs more. Similar patterns are shown for income and education, indicating
that individuals with low SES are less likely to have access to digital health information
compared with those with higher SES. Although the availability and accessibility of information
technologies and the Internet have improved, there are still many people who are more likely to
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benefit from digital health information (i.e., those underserved and elderly), but do not have
appropriate access to it (Lorence, Park, and Fox, 2006). Policies should support those
individuals by providing free access to digital health information, as well as more public efforts
to address the issue of the digital divide are needed.
Notably, the Hurdle estimation finds that good health status and higher levels of selfefficacy significantly decrease the frequency of use decision among at-risk women. In other
words, women with poorer health status and lower levels of self-efficacy concerning taking care
of their own health tend to look for health information frequently. However, the relationships
between general health status and self-efficacy and health information seeking may vary by
individuals’ specific health needs or concerns and level of self-efficacy (Oh and Cho, 2015; Kim,
Powell, and Bhuyan, 2017). Previous research found that healthy people are generally more
active information seekers, particularly concerning online health information as they tend to be
health conscious (Cotton and Gupta, 2004; Chou et al., 2011). However, other research found
that individuals with worse health status are more likely to seek health information as they have
health concerns or needs (Reinfeld‐Kirkman, Kalucy, and Roeger, 2010). Moreover, prior
research found the positive relationship between higher levels of self-efficacy and health
information seeking among individuals (Pálsdóttir, 2008); however, other study did not find such
a relationship (Oh, 2015).
Using an econometric model of the two-part decision processes in health information
seeking, this study not only contributes to the literature but also suggests an innovative
methodological approach for explaining health information seeking behaviors of women. The
Hurdle regression model allows us to estimate the decision-making process of health information
seeking among women, and to quantify the factors associated with two distinct decision
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processes: the decision to use PHRs and the decision for the frequency of use. The study also
compares the estimation results from the Hurdle model with those of the Tobit model where no
two-part approach is employed and finds both consistent and inconsistent results. This implies
that we may not infer which decision process is more dominant.
In spite of the contributions of this study, it has several limitations. First, although I
selected the variables of interest guided by the theoretical framework, there could be other
factors that I did not include in the models. However, it is believed that I controlled for all
relevant factors in consideration of the potential over-parameterization problem (Pohlmeier and
Ulrich, 1995). Next, although the study findings can be generalizable based on a national health
information survey, I may not infer the causal relationships between the variables concerning
health information seeking behavior of women due to the limitations of cross-sectional data.
However, I will address this issue by using panel or longitudinal data in my future research.
Despite the limitations, the study findings provide several implications for policy. First,
although the current policy requires providers and healthcare organizations to provide patients
with timely access to their health information electronically, merely providing access to health
information may not be sufficient for patients with health needs or concerns. Policymakers
should consider developing a policy or intervention programs that help promote actual use of
PHRs among them. For example, policies should support developing behavioral or educational
interventions to improve the use of PHRs among at-risk women, especially those with more
health needs (i.e., the chronically ill and elderly). Furthermore, importantly, more public efforts
to minimize the existing digital divide and to remove barriers to PHR use are warranted.
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CHAPTER THREE:
FACTORS ASSOCIATED WITH USE OF PERSONAL HEALTH RECORDS FOR
SEEKING HEALTH INFORMATION AMONG WOMEN
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BACKGROUND AND INTRODUCTION
With the Internet’s rapid growth and technology development, there has been a
substantial improvement in health communication. The most common and active part of health
communication is health information seeking by individuals, pertaining to “behaviors or actions
to acquire health-related information or information looked for within a health-related context”
(Cline and Haynes, 2001; Lambert and Loiselle, 2007). Increasingly, individuals find health
information using information technologies, including personal health records (PHRs) defined as
“health information managed by the individual” (Ball et al., 2007). Different from electronic
health records (EHRs), a PHR system functions to serve patients who enter health data in the
system where patient users can select which health information to obtain, retrieve, and share with
their providers (Tang et al., 2006).
Notably, individuals are increasingly being offered access to PHRs by a provider and
utilize these for health information. It is growingly noted that PHRs will play a central role in
consumer empowerment, pertaining to “facilitating individuals to manage their own health and
health care and support themselves as they use health services” (Ball et al., 2007). Individuals
are being put at the center of the healthcare through PHRs in which providers can directly view
health information managed by the patient. This can ultimately lead to better quality and
improved outcomes among them (Ball et al., 2007). Mainly, PHRs have the potential to improve
outcomes among those underserved with health needs (i.e., chronic conditions) as they provide
individual-tailored or patient-centered health information, which the patient can access and
manage in an efficient manner (Reti et al., 2010).
Although individuals increasingly use PHRs for health information (The Markle
Foundation, 2003; Ball et al., 2007), little is known about health information seeking via PHRs
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among women at potential risk of breast cancer. In most cases, those women have fears or
concerns about having breast cancer, so that they may look for information regarding breast
cancer-related symptoms or a diagnosis. Despite prior studies on health information seeking
among women (Rowley et al., 2017; Warner and Procaccino, 2004; Cotton and Gupta, 2004),
little research has been conducted on the extent of health information seeking among women at
potential risk of breast cancer. Furthermore, despite prior studies on factors predictive of health
information seeking (Johnson and Meischke, 1993; Johnson 1997; Ahadzadeh and Sharif, 2017;
Oh, 2015; Ahadzadeh et al., 2018), little is known about the extent to which factors are related to
the use of PHRs among at-risk women with access to PHRs offered by a provider. Exploring
those factors can better guide for developing intervention programs that can help engage at-risk
women in preventive health behavior and decision-making.
In this study, I explore health information seeking behavior of women at potential risk of
breast cancer by exploring factors associated with use of PHRs for health information seeking.
More specifically, I examine whether, among women with access to PHRs offered by a provider,
characteristics differ between those who use and do not use PHRs and the extent to which factors
are associated with the use of PHRs for seeking health information.
The remaining sections are organized as follows. Section 2 presents data and estimation
methods. Section 3 provides descriptive statistics and results from the regression analyses.
Section 4 discusses the findings and implications for policy and concludes.
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METHODS
Data and Study sample
The study used data from the 2015 Health Information National Trends Survey (HINTS 4
Cycle 4), a national health information survey conducted by the National Cancer Institute (NCI).
The study used the HINTS because the HINTS data include comprehensive information
concerning the use of information technologies and individual information seeking behaviors.
Notably, the HINTS 4 includes information about access to and use of PHRs, as the primary
interest of the study. Numerous studies used HINTS data to explore individual health-seeking
behaviors and information seeking via information technologies (Bhuyan et al., 2016; Kim et al.,
2015; Kim, Powell, and Bhuyan, 2017; Oh, 2015; Nguyen and Bellamy, 2006). Additionally,
HINTS data may be used for subgroup analyses (i.e., by gender, age, and race or ethnicity).
The sampling for HINTS consists of the two stages wherein the first stage, households
were randomly chosen from the U.S. residential address file; in the second stage, an individual
from each household was selected by the Next Birthday Method. The overall response rate was
34.44 percent. For the missing values and multiple responses, two types of imputation methods
were employed: hot-deck imputation for missing values and a single imputed answer (i.e., the
most commonly occurring answer) for multiple responses.
The study sample consists of 1,159 women aged 40-75 years with no diagnosis of cancer.
I selected this specific age range as an inclusion criterion because women in this age range are
recommended to be screened for breast cancer, based on the U.S. Preventive Services Task Force
guidelines (USPSTF, 2016).
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Variables and Measures
The main outcome of the study was health information seeking, indicating individual
information seeking through PHR use. The health information seeking was measured by the
survey question, “How many times did you access your own personal health information online
through a secure website or app in the last 12 months? The responses were categorized by the
HINTS into ‘none’, ‘1 to 2 times’, ‘3 to 5 times’, ‘6 to 9 times’, and ’10 or more times’, which
was recoded and also used as a binary variable.
This study selected variables of interest guided by the Comprehensive Model of
Information Seeking (CMIS) developed by David J. Johnson that explains why and how
individuals seek health information using communication channels with a holistic approach.
According to the CMIS, health information seeking is predicted by health-related factors (i.e.,
demographics, direct experience with the disease, salience, and beliefs), conditioned by
information carrier factors (i.e., characteristics and utility of a medium). In other words, the
CMIS posits that health-related factors are the primary driver for information seeking actions,
formed by information carrier factors.
Health-related factors, derived from the Health Belief Model, indicate the motivating
conditions for information seeking among individuals. They include age, marital status (‘yes’ or
‘no’), and race or ethnicity (‘Non-Hispanic white’, ‘Non-Hispanic black’, ‘Hispanic’, and
‘Asian’), direct experience (i.e., direct experience with the disease), salience (i.e., personal
significance to the disease), and beliefs including self-efficacy. Age was included as a
continuous variable. Marital status was categorized by the HINTS into ‘married’, ‘living as
married’, ‘divorced’, ‘widowed’, ‘separated’, and ‘single, never been married’, which was
recoded and used as a binary variable (1=married or living as married, 0 = other). Direct
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experience was measured by self-reported health, based on the survey questionnaire “In general
would you say your health is…”, categorized by the HINTS into ‘excellent’, ‘very good’, ‘good’,
‘fair or’, and ‘poor’, which was recoded and grouped into ‘excellent/very good’, ‘good/fair’, and
‘poor’. Salience was measured by the extent to which a woman was interested in exchanging
diagnostic information with a provider electronically, categorized by the HINTS into ‘very’,
‘somewhat’, ‘a little’, and ‘not at all’, which was recoded and used by grouping into ‘very’,
‘some/a little’, and ‘not at all’. Self-efficacy was measured by the extent to which a woman felt
confident about taking care of her own health, categorized by the HINTS into ‘very confident’,
‘somewhat confident’, and ‘not at all’, which was kept and used with those three categories.
Next, information carrier factors, derived from the Model of Media Exposure and
Appraisal (Johnson, 1983; 1984), include characteristics (i.e., communication potential) and
utility of information sources (i.e., perceived readiness or motive to seek information).
Specifically, information carrier characteristics are concerned with individuals’ direct assessment
of information sources they selected, while utility involves whether the information provided by
the information sources meets individuals’ needs directly. In other words, utility involves
individuals’ perceived readiness or motive to seek health information using the selected
information sources. The study included ‘utility of PHRs’, measured based on the survey
questionnaire “You should be able to get to your own medical information electronically.” The
responses were rated on three scales: ‘very important ’, ‘somewhat important’, and ‘not at all
important’, which was kept and used as a categorical variable with those three categories.
In addition to health-related and information carrier factors, the study also included
education (‘less than high school’, ‘high school graduate’, ‘some college’, ‘college graduate or
more’) and income (‘< $20,000’, ‘$20,000 to < $50,000’, ‘$50,000 to < $75,000’, and ‘$75,000
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or More’), because prior research showed that education and income were positively associated
with online health information seeking among individuals (Chou et al., 2011; Price et al., 2013;
Undem, 2010). Furthermore, the variable ‘access to PHRs’ was included since the study focuses
on at-risk women with access to PHRs offered by a provider. Access to PHRs was measured by
the survey question, “Have you ever been offered access to your own personal health
information online through a secure website or app by your health care provider?” The
respondents answered this question with ‘yes’ or ‘no’, which was kept and used as a binary
variable (1=yes, 0=no).

Data analysis
The study first performed correlation analyses among the variables. Specifically, I
computed the tetrachoric correlations for binary variables and polychoric correlations for
categorical variables, since Pearson correlations are less adequate for calculating the association
between categorical variables (Holgado–Tello et al., 2010). I then conducted Rao-Scott chisquare tests and a two-sample T-test to compare among those with access to PHRs offered by a
provider electronically, how significantly different the women who use and do not use PHRs
were in terms of all categorical variables and a continuous variable, respectively. Next, I
conducted the regression analyses by using generalized linear models (GLMs) with maximum
likelihood estimation (MLE) to examine factors associated with the use of PHRs among at-risk
women with access to PHRs offered by a provider. Specifically, I used logit models as the
dependent variable was dichotomous which violates the classical assumptions of a linear
regression model, where GLMs can solve the problem by grouping data and changing the
dependent variable to a ratio. Furthermore, I performed the Hosmer-Lemeshow test to evaluate
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the goodness of fit of a logit model. The Hosmer-Lemeshow test as a chi-square test is popular
because of its simplicity for interpretation and availability of statistical packages (Paul, Pennell,
and Lemeshow, 2013), and advantageous for resolving the sparse data issue that commonly
occurs when there are one or more continuous independent variables in a logistic regression
(Hosmer and Lemesbow, 1980).
The study incorporated the HINTS 4 survey weights into all the statistical analyses to
make the study results reflective of the U.S. adult female population. SAS 9.4 (NC, USA) was
used for all the statistical analyses. Statistical significance will be evaluated at two-sided p-value
<0.05.

RESULTS
Tables 1 and 2 show the sample characteristics of women and correlations among the
variables, respectively. The weighted mean age of the sample was 56.76, and about two-thirds
were married. Over 60% of women were non-Hispanic whites, while over 10% were nonHispanic blacks (11.75%) and Hispanics (14.70%), respectively. About two-thirds of women
had some college or more education, while less than 20% had less than high school education.
Most of the women (67.34%) were interested in exchanging medical information with a provider
electronically. Over 70% of women were very or somewhat confident about taking care of their
own health. About one-third had incomes of $75,000 or more, while less than 20% had incomes
less than $20,000. Less than half reported their health status as ‘excellent/very good’, and over
half reported their health status as ‘good/fair’. Most of the women valued the importance of
getting their own medical information electronically (very important, 66.33%; somewhat
important, 25.89%), while less than 10% did not value the importance of getting their own
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medical information electronically. Over 30% of women had access to PHRs offered by a
provider electronically. Overall, less than 30% of women used PHRs (1-2 times, 13.25%; 3-5
times, 6.44%; 6-9 times, 3.15%; 10 or more times, 2.87%).
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Table B-1: Descriptive Statistics
Characteristic
Age (mean ± SD c)
Marital status
Yes
No
Race/Ethnicity
White
Black
Hispanic
Asian
Education
Less than high school
High school graduate
Some college
College graduate or more
Salience (Interested in exchanging medical
information with a provider electronically)
Some/A little
Not at all
Self-efficacy (Confident about taking care of your
own health)
Very confident
Somewhat confident
Not confident
Income
< $20,000
$20,000 to < $50,000
$50,000 to < $75,000
$75,000 or More
General health status (Self-reported health)
Excellent/Very good
Good/Fair
Poor
Utility of PHRs (Importance of getting your own
medical information electronically)
Very important
Somewhat important
Not at all important
Access to PHRs offered by a provider electronically
Yes
No
Health information seeking through PHR use
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Na
̶

%b/Mean
56.76 ± 9.36

617
542

66.26 (1.84)
33.73 (1.84)

579
230
193
39

62.57 (1.88)
11.75 (1.05)
14.70 (1.36)
3.20 (0.67)

118
244
359
438

16.50 (1.77)
21.56 (1.82)
32.62 (2.24)
29.31 (1.74)

793
366

67.34 (2.09)
32.65 (2.09)

263
616
280

21.12 (1.69)
54.44 (2.21)
24.43 (2.01)

258
307
180
300

17.04 (1.46)
24.99 (1.88)
17.26 (1.77)
30.36 (2.09)

488
626
45

43.49 (2.20)
53.74 (2.21)
2.75 (0.56)

774
295
90

66.33 (2.12)
25.89 (1.96)
7.76 (1.21)

420
739

36.37 (2.08)
63.63 (2.08)

Table B-1 (Continued)
Characteristic

Na
841
168
89
35
26

None
1 to 2 times
3 to 5 times
6 to 9 times
10 or more times

%b/Mean
74.27 (1.85)
13.25 (1.37)
6.44 (0.92)
3.15 (0.80)
2.87 (0.83)

Note. N=1,159. Standard errors are in parentheses.
a. Unweighted N
b. Weighted percentage
c. Standard deviation

Table B-2: Tetrachoric/Polychoric Correlation Matrix for Variables
1
1. Age

2

3

4

5

6

7

8

9

̶

2. Married

-0.11

̶

3. Race/Ethnicity a

0.19

0.20

̶

4. Education b

-0.13

0.13

0.13

̶

5. Salience c

-0.09

0.01

-0.04

0.09

6. Self-efficacy d

0.01

-0.01 -0.21 -0.14

0.19

̶

7. Income e

-0.20

0.39

0.45

0.13

-0.05

̶

8. General health status f

0.03

-0.16 -0.22 -0.26

0.03

0.07

-0.26

̶

9. Utility of PHRs g

-0.12

0.09

0.40

0.06

0.20

-0.11

0.17

0.06

0.23

̶

̶

Note. N=1,159.
a. Race/Ethnicity: 1 = (Non-Hispanic) White, 2 = (Non-Hispanic) Black, 3 = Hispanic, 4 = Asian.
b. Education: 1 = Less than high school, 2 = High school graduate, 3 = Some college, 4 = College
graduate or more.
c. Salience (Interested in exchanging medical information with a provider electronically): 1 = Some/A
little, 0 = Not at all.
d. Self-efficacy (Confident about taking care of own health): 2 = Very confident, 1 = Somewhat
confident, 0 = Not confident.
e. Income: 1 = < $20,000, 2 = $20,000 to < $50,000, 3 = $50,000 to < $75,000, 4 = $75,000 or More.
f. General health status: 2 = Excellent/Very good, 1 = Good/Fair, 0 = Poor.
g. Utility of PHRs: 2 = Very important, 1 = Somewhat important, 0 = Not at all important.
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Table 3 presents the characteristics of women with access to PHRs offered by a provider
electronically and the difference between those who use and do not use PHRs concerning their
characteristics. Among women with access to PHRs offered by a provider, overall about 62%
used PHRs. The weighted mean age of women who used PHRs was 55.32, and about 70% were
married. Over two-thirds were non-Hispanic whites, while about 12% and 6% were nonHispanic blacks and Hispanics, respectively. Most of the women (84.47%) had some college or
more education. Over 80% of women were a little or somewhat interested in exchanging
medical information with a provider electronically. The majority of women (83.96%) were very
or somewhat confident about taking care of their own health. Over 40% of women had incomes
of $75,000 or more, while less than 10% had incomes less than $20,000. Over half of women
reported their health status as ‘excellent/very good’, and less than half reported their health status
as ‘good/fair’. The majority of women valued the importance of getting their own medical
information electronically (very important, 82.14%; somewhat important, 15.90%).
Rao-Scott chi-square test results indicate that among women with access to PHRs offered
by a provider, those who use and do not use PHRs are significantly different (p<.05) concerning
certain individual characteristics including ‘education’, ‘salience’, and ‘utility of PHRs’.
Meanwhile, a two-sample T-test result shows that among women with access to PHRs offered by
a provider, those who use and do not use PHRs were significantly different (p<.05) in terms of
‘age’.
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Table B-3: Characteristics of Women with access to PHRs offered by a provider electronically
Use of PHRs a

Access to PHRs
(N=420)
Characteristics
Age (mean ± SD e)
Marital status
Yes
No
Race/Ethnicity
White
Black
Hispanic
Asian
Education
Less than high school
High school graduate
Some college
College graduate or more
Salience (Interested in exchanging medical
information with a provider electronically)
Some/A little
Not at all
Self-efficacy (Confident about taking care
of your own health)
Very confident
Somewhat confident
Not confident
Income
< $20,000
$20,000 to < $50,000

%/mean

SE d

56.03 ± 8.97
69.69
30.30
69.57
10.65
9.27
3.36
8.07
16.56
35.39
39.95

75.53
24.46

2.86
2.86
2.98
1.57
2.09
1.16

Yes (N=262)
%/mean SE d

No (N=158)
%/mean SE d

55.32 ± 9.04

57.20 ± 8.77

69.20
30.79

70.37
29.62

72.88
11.99
5.86
3.30

2.23
2.47
3.60
3.21

4.54
10.97
37.20
47.27

3.02
3.02

84.18
15.81

3.70
3.70
3.50
2.20
1.81
1.66
1.62
2.40
4.82
4.43

3.15
3.15

64.95
8.77
14.04
3.46
13.01
24.38
32.87
29.72

63.43
36.56

4.52
4.52
5.12
2.19
4.22
1.55

p-value

t=2.10
χ2=0.04

418
1

0.036
0.841

χ2=6.14

4

0.188

χ2=14.78

3

0.002

χ2=12.24

1

0.001

χ2=4.61

2

0.099

χ2=9.28

4

0.054

4.70
4.75
5.36
4.52

5.44
5.44

21.88
58.55
19.55

2.66
3.41
2.80

19.50
64.46
16.02

3.09
4.07
3.11

25.21
50.29
24.49

4.68
5.54
4.95

9.67
21.53

1.73
2.80

5.79
26.06

1.34
4.19

15.11
15.20

3.63
2.97
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Statistical df c
test b

Table B-3 (Continued)
Use of PHRs a

Access to PHRs
(N=420)

Yes (N=262)
%/mean SE d
19.05
3.73
41.80
4.45
7.28
1.96

Characteristics
$50,000 to < $75,000
$75,000 or More
Not reported
General health status (Self-reported health)
Excellent/Very good
Good/Fair
Poor
Utility of PHRs (The importance of getting
your own medical information electronically)
Very important
Somewhat important
Not at all important
a.
b.
c.
d.
e.

%/mean
20.20
40.26
8.31

SE d
3.07
3.43
1.70

54.69
44.15
1.14

3.49
3.49
0.52

72.04
24.09
3.85

54.11
44.02
1.86

3.35
3.27
1.24

82.14
15.90
1.94

4.55
4.55
0.89

3.37
3.19
1.31

Use of PHRs: 1 = Yes, 0 = No.
Rao-Scott chi-square tests for categorical variables; t-test for a continuous variable
df, Degree of freedom.
SE, Standard error
SD, Stand deviation
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No (N=158)
%/mean SE d
21.82
5.21
38.11
5.41
9.74
3.03
55.51
44.33
0.14

57.92
35.54
6.53

Statistical df c
test b

p-value

χ2=2.19

2

0.333

χ2=15.10

2

0.001

5.48
5.48
0.14

5.77
5.86
2.36

Table 4 presents results from the regression analyses of health information seeking
through PHR use among at-risk women with access to PHRs offered by a provider. In Model 1
without interactions, one unit increase in age decreased the likelihood of use of PHRs in women
by .04 (p=.012). Compared with Hispanics, non-Hispanic whites and blacks had a greater
likelihood of use of PHRs (β=1.26, p=.016; β=1.28, p=.039, respectively). Women who were
some or a little interested in exchanging medical information with a provider electronically had a
greater likelihood of use of PHRs (β=1.06, p=.004) compared with those who were not interested
in exchanging medical information with a provider electronically. Women with higher education
levels (‘some college’ and ‘college graduate or more’) had a higher likelihood of use of PHRs
(β=1.47, p=.033; β=1.91, p=.005, respectively) than those with lower education level (‘less than
high school’). Compared with women with lower income levels (‘less than $20,000’), those with
higher income levels (‘$20,000 to < $50,000’) had a greater likelihood of use of PHRs (β=1.79,
p=.001). Women with higher salience had a greater likelihood of use of PHRs (β=1.06, p=.004)
compared with those with lower salience. Compared with those with ‘poor’ health status,
women with ‘excellent/very good’ health status had a lower likelihood of use of PHRs (β=-3.53,
p=.018). Women who valued the importance of getting their own medical information
electronically had a greater likelihood of use of PHRs (‘very important’, β=1.72, p=.026)
compared with those who did not value the importance of getting their own medical information
electronically.
In Model 2 with interactions, significant interaction results between race (‘black’ and
‘non-Hispanic white’) and utility of PHRs were found [β=-18.19, p=<.001 (black); β=-12.32,
p=.001(white)]. This result indicates that non-Hispanic white and black women who did not
value the importance of getting own medical information electronically had a lower probability
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of use of PHRs compared with Asian and Hispanic women who valued the importance of getting
their own medical information electronically. Moreover, a significant interaction result between
race (‘Asian’) and health status was found (β=15.71, p=.027), indicating that Asian women who
reported their health status as ‘excellent/very good’ had a greater likelihood of use of PHRs
compared with non-Asian women who reported their health status as ‘poor’.
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Table B-4: Factors Associated with Use of PHRs for Seeking Health Information among Women
Use of PHRs
Model 1 a
Characteristic
Age in years
Marital status (Ref.: No)
Race/Ethnicity (Ref.: Hispanic)
Black
White
Asian
Education (Ref.: Less than high school)
High school graduate
Some college
College graduate or more
Salience (Interested in exchanging medical
information with a provider) (Ref.: Not at all)
Some/A little
Self-efficacy (Confident about taking care of
your own health) (Ref.: Not confident)
Very confident
Somewhat confident
Income (Ref.: < $20,000)
$20,000 to < $50,000
$50,000 to < $75,000
$75,000 or More
General health status (Ref.: Poor)
Excellent/Very good
Good/Fair
Utility of PHRs (Ref.: Not at all important)
Very important

Model 2 a

Bb
-0.04
-0.18

SE c
0.01
0.33

p-value
0.012
0.567

Bb
̶
-0.19

SE c
̶
0.35

p-value
̶
0.588

1.28
1.26
0.78

0.62
0.52
0.85

0.039
0.016
0.361

̶

̶

̶

̶

̶

̶

0.62
1.47
1.91

0.72
0.69
0.69

0.392
0.033
0.005

0.49
1.30
1.77

0.69
0.67
0.67

0.588
0.055
0.008

1.06

0.37

0.004

1.15

0.38

0.003

0.13
0.38

0.46
0.39

0.768
0.330

0.08
0.23

0.49
0.41

0.861
0.577

1.79
0.74
0.39

0.57
0.56
0.57

0.001
0.187
0.489

1.70
0.76
0.49

0.59
0.61
0.61

0.004
0.212
0.417

-3.53
-3.66

1.49
1.50

0.018
0.489

̶

̶

̶

1.72

0.77

0.026

̶

̶

̶
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̶

̶

̶

̶

̶

̶

Table B-4 (Continued)
Use of PHRs
Model 1 a
Characteristic
Somewhat important
Interaction
Black* Utility of PHRs (not at all important)
White* Utility of PHRs (not at all important)
Asian* Perceived health (excellent/very good)
Hosmer and Lemeshow Goodness-of-Fit Test

Bb
0.87

SE c
0.81

C d=33.42

Model 2 a
p-value
0.282

<.001

Bb
̶

SE c
̶

-18.19
3.90
-12.32
3.74
15.71
7.10
d
C =25.53

p-value
̶
<.001
0.001
0.027
0.001

a. Model 1 and Model 2 are logit models with and without interactions, respectively. The interactions were created based on
the results from Rao-Scott chi square test and a two-sample t test.
b. B is the regression coefficient.
c. SE, Standard Error
d. Hosmer and Lemeshow C Statistic
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DISCUSSION AND CONCLUSION
In this study, I explored health information seeking behavior of women at potential risk
for breast cancer by exploring factors associated with the use of PHRs for health information
seeking. The results find that among at-risk women with access to PHRs offered by a provider,
overall about 62% used PHRs and those who use and do not use PHRs were significantly
different concerning specific individual characteristics including ‘education’, ‘salience’, and
‘utility of PHRs’. Overall, those who used PHRs were younger, more educated, and more
interested in exchanging medical information with a provider electronically, and valued more the
importance of getting their own medical information electronically compared with those who did
not use PHRs. Although prior research examining online health information seeking among
women found similar results concerning demographic characteristics and socioeconomic factors
(Chou et al., 2011; Price et al., 2013; Jacobs, Amuta, and Jeon, 2017), those studies did not
examine the extent to which factors are associated with the use of PHRs for seeking health
information among at-risk women. The study findings suggest that developing educational
interventions that help enhance the awareness on the usefulness of PHRs among at-risk women
should be considered.
The findings from the interaction model reveal that utility of PHRs is a more important
factor for non-Hispanic white and black women to seek health information through PHRs
compared with Hispanic women. This finding may be supported by prior research. For
example, Ahadzadeh and Sharif (2017) explored online health information seeking behavior of
urban women in Malaysia using the Technology Acceptance Model and found that perceived
usefulness of the Internet significantly, positively affected online health information seeking
among women. Alternatively, the study finding may be explained by a possibility that Hispanic
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women may have language or cultural barriers to recognizing or taking advantage of PHRs as a
complemental tool for obtaining health information (Garrido et al., 2015; Porter and Donthu,
2006). Future research should explore whether language and cultural barriers may influence the
awareness on the usefulness of PHRs and other information technologies among ethnic minority
populations.
Furthermore, the findings from the interaction model show that good health status is a
more significant factor for Asian women to seek health information through PHRs compared
with non-Asian women. Possibly, Asian women who perceive their health as good are more
health conscious than other racial groups, which could have motivated them to use PHRs more.
In fact, however, there is a dispute over the relationship between health status and individual
health information seeking. For instance, previous research found that individuals with good
health status seek health information more actively (Cotton and Gupta, 2004; Chou et al., 2011),
while other research showed that individuals with poorer health status engage more in health
information seeking to meet their health needs (Reinfeld‐Kirkman, Kalucy, and Roeger, 2010).
Additional research is needed to explore the mechanisms underlying the relationship between
individual health status and health information seeking.
Despite several implications, the study is not without limitations. First, the study was
conducted based on the surveyed data collected at one-time point, and thus we may not conclude
on the causation of the relationships. Future studies should consider employing longitudinal
designs to address the limitations of data. Second, although I believed that I used an appropriate
measure for the utility of PHRs, that measure may not capture all aspects of utility of PHRs.
Third, although I analyzed factors associated with the use of PHRs for health information
seeking among at-risk women guided by the conceptual framework, there could be other factors
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that I did not include in the study. These limitations provide me an opportunity to extend the
study in the future.
In spite of the limitations, the present findings suggest several implications for policy and
research. First, developing educational intervention programs that help enhance the awareness
on the usefulness of PHRs among at-risk women and provide appropriate patient education for
technology use should be considered. Second, future research should explore whether there exist
language and cultural barriers to recognizing or utilizing PHRs for seeking health information
among ethnic minority populations. Lastly, further research is needed to investigate the
mechanisms underlying the relationship between individual health status and health information
seeking.
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CHAPTER FOUR:
IMPACT OF PERSONAL HEALTH RECORDS ON BREAST CANCER SCREENING
AMONG WOMEN AND ITS RACIAL AND GEOGRAPHIC DIFFERENCES:
AN INSTRUMENTAL VARIABLE APPROACH
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BACKGROUND AND INTRODUCTION
Worldwide, breast cancer is the most frequently diagnosed cancer in women and
accounts for the highest number of cancer deaths (World Health Organization, 2017). In 2015,
approximately 570,000 women died from breast cancer, which counts about 15% of all cancerrelated deaths in women (WHO, 2017). Screening for breast cancer assists the progress of early
detection and timely cancer treatment that can decrease the risk of dying from breast cancer
(DeSantis et al., 2017). Although overall utilization of breast cancer screening services among
middle and older women has increased since the 1980s (National Center for Health Statistics,
2016), the proportion of ethnic minority women who participate in screening mammography is
still relatively low. For instance, the 2013 National Health Interview Survey reported that
Hispanic women were less likely to use recommended mammography as compared to nonHispanic women (Sabatino et al., 2015). Over time, disparities in recommended mammography
use have persisted among medically underserved and ethnic minority women, leading to a higher
burden of breast cancer mortality among them (Sassi et al., 2006).
Essential is to raise public awareness on breast cancer screening among women,
especially among those with lack of knowledge and awareness on breast cancer and screening
mammography. As indicated in one of the Healthy People 2020 cancer prevention objectives,
there is a need to improve the outreach efforts to promote breast cancer screening participation
among women, particularly among those medically underserved and racial/ethnic minorities.
Increasingly, health information technology (HIT), including personal health records
(PHRs) that contain comprehensive individual health information, has been suggested as one of
the population-based and system-wide strategies for improving outcomes in health care.
Notably, the PHR system that allows individuals to enter, retrieve, and share their health
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information directly with their providers empowers patients to take an active role in managing
their own health and health care (Meischke et al., 2005; Shi et al.,2004). Individuals are
increasingly being offered access to PHRs by their providers electronically, since the
implementation of the meaningful use requirements for the HIT. It is anticipated that PHRs will
play a key role in enhancing individual empowerment and engagement in their own health and
health care. Furthermore, PHRs have been suggested as having the potential to address
disparities in health care.
Although much attention has been paid to the use of PHRs by patients for managing their
own health and health care, less attention has been paid to rigorous research on the extents of
PHR use and its impact on outcomes and disparities in health care. Even less attention has been
directed to studying the impact of PHR use on breast cancer screening in women, especially
among minority and underserved women. To bridge this knowledge gap, this paper seeks to
answer two research questions: (1) Can use of PHRs improve breast cancer screening among
women at potential risk of developing breast cancer?; and (2) How potent is the use of PHRs in
reducing disparities in breast cancer outcomes and the use of mammography among minority and
underserved women?
This study contributes to the health IT literature and health policy discussion by
examining the question of whether access to and use of PHRs improve the use of recommended
mammography among women at potential risk of developing breast cancer. Furthermore, this
study is expected to fill in a gap in PHR literature by exploring racial/ethnic and geographic
differences in the effect of PHR use on breast cancer screening among women and their potential
to reduce disparities in recommended mammography use among minority and underserved
women.
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The remaining sections are arranged as follows. Section 2 reviews relevant literature on
the impact of PHRs on breast cancer screening among women. Section 3 introduces a
conceptual model for guiding the selection of our model variables for our empirical analysis, a
modified Andersen-Newman Behavioral Model of Health Services Utilization that incorporates
the major features of the Comprehensive Model of Information Seeking (CMIS). Section 4
presents data and methods including empirical estimation methods. Section 5 provides
descriptive statistics and results from models estimation and interaction effects, while section 6
discusses major findings and implications for policy and concludes.

REVIEW OF LITERATURE
Although an increasing number of individuals are being offered access to and use PHRs,
only a handful of studies assessed the impact of PHRs on breast cancer screening utilization in
women, and their findings are limited (Newell et al., 2002; Krist et al., 2012; 2017; Wright et al.,
2012; Thompson et al., 2014). Most of the studies were randomized clinical trials using specific
types of PHRs and functionality as well as certain patient populations, so that their findings may
not be generalizable to other kinds of PHRs and patient populations. They were based on similar
health care systems where specific subsets of the population were not included: patients of
different socioeconomic status and those from different regions. Moreover, those studies were
based on experimental manipulations so that the natural behavior of health information seeking
among women was not reflected. Also, the evidence is scarce on theoretical foundations guiding
those empirical studies.
A prospective cohort study by Krist et al. (2017) examined the impact of an automated
decision module providing recommendations for prostate, colon, and breast cancer screening and
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e-mailing patients to complete a pre-visit assessment in 12 primary care practices using an EHR
and patient portal data and found that the module encouraged them to discuss cancer screening
use, and module users were more likely than non-module users to get screened for cancer within
three months. Among module starters, those who completed the module were more likely to
receive a mammogram compared with those who did not complete the module. Although this
study found a positive impact of PHR use on cancer screening services use, this finding was
limited to only the decision module that provided recommendations for cancer screening.
Krist and colleagues (2012) conducted a randomized trial to examine the efficacy of an
intervention using the interactive preventive health record. This feature provided tailored
recommendations and reminders on the delivery of preventive services among eight primary care
practices and found that, after four months, the difference between the control group and the
intervention group in the improvement of up-to-date services was 12.3% for breast cancer
screening. However, such a result was not shown at 16 months. This result indicates that the
interventions may only work in the short term and need to be repeated.
Thompson and colleagues (2014) explored patterns of cancer screening use among Asian
Americans in Northern California using the physician-patient messaging feature of an EHR and
patient portal data. They found substantial heterogeneity in cancer screening use among Asian
ethnicities. Overall, Asian Indians and Native Hawaiian/Pacific Islanders had the lowest uptake
of colorectal, breast, and cervical cancer screenings, and those who used messaging features
were more likely to complete screening mammography. Despite finding a positive impact of
PHR use on mammography use, this finding was limited to only the messaging feature and Asian
Americans.
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An Australian randomized controlled trial by Newell et al. (2002) evaluated the
effectiveness of an intervention using personal health record booklets (PHRBs) containing the
most recent evidence-based recommendations for reducing cancer risk through cancer screening
among ten towns. They found that overall uptake of mammography was lower than the expected
rate in both intervention and control towns, and there was no significant difference in the effects
of PHRBs on the uptake of mammography between intervention and control towns.
A randomized controlled trial by Wright et al. (2012) assessed the impact of health
maintenance (HM) reminders via PHRs on adherence to receiving recommended preventive care
in the Partners HealthCare system as an integrated academic health care system. They found that
intervention patients were more likely to receive mammography compared with the control
group (48.6% vs. 29.5%). Despite finding a positive impact of PHR use on mammography use,
this finding was limited to only the reminder feature and patients in the Partners HealthCare
system.
Despite finding an impact of PHR use on breast cancer screening in women, those studies
did not examine whether there exist variations in the impact of PHR use. It is possible that the
impact of PHR use could be different by race/ethnicity and between rural areas and urban areas,
which can help address disparities in mammography use among minority and underserved
women. Moreover, some important confounding factors were not controlled for, as those studies
were not based on a theoretical framework. Examples included socioeconomic status, access to
the Internet, and utility of PHRs; all of which could have affected the results. Also, those studies
did not consider the possibility of an endogeneity issue concerning PHR use.
This paper addresses these limitations by using a newly integrated model and testing the
endogeneity of PHR use. Once endogeneity of PHR use is identified, I will use instrumental
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variables methods to address the endogeneity issue. The study examines racial and geographic
differences in the effect of the use of PHRs on breast cancer screening among women at potential
risk of breast cancer.

CONCEPTUAL FRAMEWORK
To identify the major variables related to the use of PHRs and breast cancer screening
services in women, I developed a conceptual framework by integrating the combined strengths of
two well-known behavioral models: The Andersen-Newman Behavioral Model of Health
Services Utilization and the Comprehensive Model of Information Seeking (CMIS). The former
model identifies the major forces that shape the demand for health services and the major paths
through which these demand factors drive health services utilization, while the later model
provides a basic understanding of why and how individuals seek out health information.
Although the Andersen-Newman model has been used extensively in health services research,
one main weakness is that it does not address information seeking behavior, which can be an
important factor of health services use among individuals. In the absence of an existing and
integrated model of health services utilization formulated from the perspective of information
seeking behavior, the combined model developed here addresses the limitation of the lack of an
existing model that links health information seeking to health services utilization.
The Behavioral Model of Health Services Utilization was initially developed in the 1960s
to help understand why people use health services. The Behavioral Model has gone through
several revisions. The initial model focused on family as a unit but has changed to an individual
focus during the revision process. The Behavioral Model posits that individual use of health
services is predicted by predisposing factors (i.e., demographics such as age and sex, social
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structure including education, and beliefs such as attitudes and knowledge of health and health
services), enabling resources (i.e., income and health insurance), and the need for care. The
Behavioral Model aims to determine measures of access to medical care, which may help
develop policies to provide individuals with equitable access to health care.
Next, the CMIS developed by J. David Johnson explains how individuals seek
information through communication channels using a holistic approach. According to the CMIS,
information seeking action, defined as “purposive acquirement of information from selected
information carriers” (Johnson and Meischke, 1993, p350)” is considered to be a function of two
characteristics: health-related factors (i.e., demographics, disease experience, salience like
personal significance to the disease, and beliefs) and information carrier factors (i.e.,
characteristics of communications channels and their utility). That is, the CMIS posits that
individual health information seeking is predicted by health-related factors, conditioned by
information carrier factors. In regards to information carrier factors, if individuals think that a
medium has “motives” rather than merely providing information, then this will affect their
exposure decisions (Johnson and Meischke, 1993). If individuals perceive the way in which
information is presented is right, then this will change their perception of the utility of the
medium.
Notably, the CMIS and Andersen-Newman model overlap in many respects, which
helped integrate the two models. Specifically, predisposing factors in the Andersen-Newman
model and health-related factors in the CMIS share similar features in which both factors
comprise demographic characteristics and beliefs (i.e., attitudes and self-efficacy), while
perceived need in the Andersen-Newman model and information carrier characteristics in the
CMIS are comparable. In the present study, the integrated model can appropriately explain the
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use of breast cancer screening services in women in the context of individual information
seeking with those related factors.
Figure 1 shows the integrated model (The Influence of PHRs on Mammography Use) that
describes relationships between the factors. Notation ‘A’ in the model indicates that
predisposing and health-related factors (demographic characteristics, social structure, beliefs,
etc.) predict enabling factors (income, health insurance, etc.). Predisposing and health-related
factors also predict perceived need (general health status, etc.), and information carrier factors
(utility of PHRs, etc.), indicated by notation ‘B’. Enabling factors predict perceived need and
information carrier factors, indicated by notation ‘C’. Enabling factors also predict breast cancer
screening services utilization, indicated by notation ‘D’. Perceived need and information carrier
factors predict information seeking action (use of PHRs), indicated by notation ‘E’. Perceived
need and information carrier factors also predict breast cancer screening services utilization,
indicated by notation ‘F’. Information seeking action (use of PHRs) predicts breast cancer
screening services utilization, indicated by notation ‘G’. Notation ‘H’ indicates that contextual
factors (characteristics of health services system and the community) influence all related
factors.
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By developing an integrated model, this study adds to the knowledge and understanding
of the link between health information seeking via technological means (PHRs) and health
services use (mammography use). Although health information seeking is an important element
of health-related and preventive behavior (Johnson and Meischke, 1993), little is known about
the relationship between health information seeking and breast cancer screening utilization in
women at potential risk of developing breast cancer. This study bridges this knowledge gap by
conceptually exploring and demonstrating the relationship between health information seeking
via PHRs and breast cancer screening utilization in women.
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METHODS
Data sources and study sample
The study used data from the 2015 Health Information National Trends Survey (HINTS 4
Cycle 4) and the 2016 Area Health Resource File (AHRF). The primary data source for this
study is the HINTS and it is supplemented by a second dataset, the 2016 AHRF. First, the
HINTS, administered by the National Cancer Institute (NCI), collects individual-level
information concerning health behavior, health behavior changes, the use of information
technologies, and health information seeking behaviors, and access to and usage of cancer
information. The HINTS also provides estimates of cancer screening participation in the general
adult population. Next, the AHRF, developed by the Health Resources and Services
Administration (HRSA), is a collection of more than 50 data sources used for assessing the use
of health care resources nationwide. The data were merged and outlined at the county level and
then were integrated into one electronic file.
The 2015 HINTS consists of 3,677 respondents that were eligible for inclusion in the
final dataset. As inclusion criteria, this study first included only females (N=2,184) among the
3,677 respondents. The study then restricted the sample to ages 40-75 years (N=1,401), because
women in that age range are practically recommended to be screened for breast cancer according
to the US Preventive Services Task Force (USPSTF) guidelines. Next, the study excluded
women without age information (N=14) as well as those who have ever been diagnosed as
having cancer (N=228), which resulted in the final sample size (N=1,159).
The study specifically used the HINTS geographic data in order to link to the AHRF.
The reason why the study also used the AHRF as the second dataset is that the AHRF has
county-level information about the characteristics of health services systems. To obtain the
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HINTS geographic data, the study had to submit the HINTS geographic data request form to the
National Institutes of Health (NIH) and the National Cancer Institute (NCI) since the HINTS
geographic data are not publicly available. After obtaining the HINTS geographic data, the
study linked the HINTS to the AHRF by using the Federal Information Processing Standard
(FIPS) code.

Variables and Measures
The main outcome variable of the study is represented by the receipt of a mammogram
which is clinically the best, direct, or most reliable indicator of the use of breast cancer screening
available from the HINTS. The information for this key outcome variable is based on the survey
question “When did you have your most recent mammogram to check for breast cancer, if ever?”
Respondents were asked to answer two sub-questions: (1) “receipt of a mammogram in the past
year” and (2) “receipt of a mammogram in the past two years”. Answers to these two subquestions gave rise to two dependent variables, each of which was coded as a binary variable.
There are two key independent variables of interest. The first was ‘access to PHRs’,
based on the survey question, “Have you ever been offered access to your own personal health
information online through a secure website or app by your health care provider?” Our second
key independent variable was ‘frequency of use of PHRs’, categorized by HINTS into ‘none’, ‘1
to 2 times’, ‘3 to 5 times’, ‘6 to 9 times’, and ’10 or more times’, based on the survey question,
“How many times did you access your own personal health information online through a secure
website or app in the last 12 months?”
The integrated information seeking and health behavioral model presented in Figure 1
suggests that breast cancer screening is influenced by three groups of individual factors as well
as a set of contextual factors reflective of the environment in which an at-risk woman lives.
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Among the individual factors, predisposing factors were represented by the familiar
socioeconomic and demographic variables such as age, marital status, race or ethnicity (nonHispanic White, non-Hispanic Black, Hispanic, and Asian), employment status, and education.
Age indicating ‘age in years’ was included as a continuous variable. Marital status categorized
by the HINTS into ‘married’, ‘living as married’, ‘divorced’, ‘widowed’, ‘separated’, and
‘single, never been married’, was recoded and used as a dichotomous variable (1=married or
living as married, 0=other). Employment status categorized by the HINTS into ‘employed’,
‘unemployed’, ‘homemaker’, ‘student’, ‘retired’, ‘disabled’, and ‘other’, was recoded and used
as a dichotomous variable (1=employed, 0=other). Education indicating the highest level of
school an individual completed, was categorized by the HINTS into ‘less than high school’,
‘high school graduate’, ‘some college’, and ‘college graduate or more’, which was kept and used
with those four categories.
In addition, I included 3 additional predisposing factors relevant particularly to the use of
cancer screening services and they were: salience, self-efficacy, and trust in medical systems.
Salience (i.e., personal significance to the disease) was measured by the extent to which a
woman was interested in exchanging diagnostic information with a provider electronically. Selfefficacy was measured by the extent to which a woman felt confident about taking care of her
own health. Trust in medical systems was measured by the extent to which an individual trusted
cancer information from a doctor.
Enabling factors included income, health insurance, a usual source of care, and social
support. Perceived need and information carrier factors, our third group of individual factors,
included general health status (excellent, very good, good, fair, or poor), a family cancer history,
and utility of PHRs. Utility of PHRs indicates individuals’ perceived readiness or motive to seek
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health information via PHRs, measured based on the survey questionnaire “You should be able
to get to your own medical information electronically.” The responses were rated on three
scales: ‘very important ’, ‘somewhat important’, and ‘not at all important’, which was kept and
used as a categorical variable with those three categories.
Contextual environment factors included metro status, health personnel-to-population
ratios, and health facility-to-population ratio. Metro status indicates whether an individual
resides in metro or non-metro regions, measured based on the 2013 USDA Rural/Urban
Designation. Health personnel-to-population ratios indicate the ratios of primary care physician
and oncologists, measured by calculating the number of primary care physicians and oncologists
per 10,000 population, respectively. Health facility-to-population ratio denotes the ratio of
facilities for screening mammography, measured by calculating the number of hospitals with
mammography screening services per 10,000 population.

Estimation Strategies
The Empirical Framework
The empirical framework begins with the use of mammography by an adult woman in the
form of:
Mammographyi = f (PHRi, Xi), where
Mammographyi is the receipt of a recent mammogram by the ith individual and it is
posited to be a function of PHRi (the individual’s access to or use of PHRs), and Xi (a vector of
individual characteristics and contextual characteristics described and discussed in the
Conceptual Framework section above.
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Endogeneity issue and Instrumental variable (IV) approach
Prior to estimation, the study suspected endogeneity in ‘PHR’ as the key predictor of
breast cancer screening. There may be other factors influencing PHR use; for instance,
individuals who have access to the Internet tend to use PHRs as well. In this respect, I consider
the possible endogeneity of ‘PHR’ and determine whether the suspected ‘PHR’ is endogenous.
Endogeneity occurs when an explanatory variable in a regression model is correlated with the
error term, which is caused by omitted variable bias (or unobserved heterogeneity), measurement
error, or simultaneity. If endogeneity is not corrected in estimation, it results in biased and
inconsistent estimators.
Therefore, I tested for the endogeneity of ‘PHR’ (Rivers and Vuong, 1988), and found
that both ‘use of PHRs’ and ‘access to PHRs’ are endogenous (t=2.25, p= 0.0247; t=-9.37,
p<.0001, respectively). To correct for endogeneity, I used instrumental variables (IVs). The
notion of the IV method is to address the potential bias that may be caused by the endogeneity of
the explanatory variable ‘PHR’ by finding and using appropriate proxy variable(s) (the IVs) that
meet the two criteria: (1) IVs are uncorrelated with the error term (Cov (z, u) =0); (2) IVs are
highly correlated with the explanatory variable (Cov (z, x) ≠0). I firstly consider ‘access to the
Internet’ as an IV that was based on the survey question, “Do you ever go on-line to access the
Internet or World Wide Web, or to send and receive e-mail?”, in a sense that individuals with
access to the Internet are more likely to use and track their PHRs compared with those without
access to the Internet. I checked the tetrachoric correlation between access to the Internet and
mammography use and found no significant correlation between them (p>.05). Moreover, I
make the assumption that access to the Internet is not correlated with mammography use among

72

women because we cannot directly test the deterministic relationship between the IVs and
mammography use (Angrist, 2001).

The IV Model
Practically, the IV method is employed with a two-step or three-step procedure where I
first run the regression of the explanatory variable on IV(s) and other covariates, and then run the
regression of the dependent variable on the predicted explanatory variable and other covariates
(Green, 2000). In this study, I estimate IV Probit models using ‘access to the Internet’ as an IV
with two-step and three-step estimations by taking account of the relationship between
unobserved heterogeneity in PHR use and mammography use. More specifically, I use an
appropriately selected IV ‘access to the Internet’ in two different ways: (1) in the “access” model
(denoted as the two-step IV model) and (2) in both the access and the use models (denoted as the
three-step IV model):
The two-step IV model estimated in this study is shown as follows:
PHR usei = α0 + α1Interneti + Xi’α2 + ε1i

(1a)

Mammographyi = β0 + Xi’ β1 + β2PHR usei* + ε2i

(1b)

Where PHR usei is the suspected endogenous variable (use of PHRs by the ith individual),
Interneti denotes the selected instrumental variable (access to the internet by the ith individual);
Xi is a vector of individual and contextual characteristics; Mammographyi is the dependent
binary variable (the receipt of a recent mammogram by the ith individual); and PHR usei* denotes
the predicted value of the use of PHRs.
Next, the three-step IV model estimated in this study is shown as follows:
PHR accessi = π0 + π1Interneti + Xi’π2 + ε1i

(2a)

PHR usei = α0 + α1Interneti + Xi’α2 + ε2i

(2b)
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Mammographyi = β0 + Xi’ β1 + β2PHRi* + ε3i

(2c)

Where PHR accessi and PHR usei are the suspected endogenous variables (access to and
use of PHRs by the ith individual), Interneti denotes the selected instrumental variable (access to
the internet by the ith individual); Xi is a vector of individual and contextual characteristics;
Mammographyi is the dependent binary variable (the receipt of a recent mammogram by the ith
individual); and PHRi* denotes predicted values of access to and use of PHRs.
I incorporated HINTS survey weights for all statistical analyses to ensure that our results
will reflect the US female adult population. I first estimated the baseline probit model without
an IV and then compared results from those of the IV models. SAS 9.4 (NC, USA) was used for
all statistical analyses. Statistical significance was assessed at two-sided p-value <0.05.

RESULTS
Descriptive Statistics
Table 1 presents the sample characteristics of women. Over half and two-thirds of
women received a mammogram in the past year and in the past two years, respectively. More
than 30% had access to PHRs offered by a provider electronically. Overall, 25.71% of women
used PHRs (1 to 2 times, 13.25%; 3 to 5 times, 6.44%; 6 to 9 times, 3.15% 10 or more times,
2.87%). The mean age of the sample was 56.76. Over 60% of women were married and nonHispanic whites. Over half of women were employed and had some college or more education.
About two-thirds were interested in exchanging medical information with a provider
electronically. Most of the women were confident about taking care of their own health, and
believed that they could lower their chance of getting cancer. Over 30% of women had incomes
of $75,000 or more, while over 10% had incomes less than $20,000. The majority of women
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were insured. Over 80% received emotional support from someone. Over half reported their
health status as ‘good/fair’ and over 40% reported their health status as ‘excellent/very good’.
More than two-thirds had a family cancer history. Most of the women evaluated getting their
own medical information electronically as important. The majority of women lived in metro
areas between 250,000 and 1 million population or more. The oncologist-to-population ratio and
the primary care physician-to-population ratio were 1.29 and 18.89 (per 10,000 population),
respectively. The mammography facility ratio was 0.09 (per 10,000 population).
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Table C-1: Descriptive Statistics
Have access to PHRs offered by a provider
Yes (N=420)
No (N=739)
Variables
Dependent variable
Utilization of Breast Cancer Screening
Receipt of a mammogram in the past year
Receipt of a mammogram in the past two years
Key independent variables
Enabling
Access to PHRs
Yes
No
Information seeking action
Use of PHRs
None
1 to 2 times
3 to 5 times
6 to 9 times
10 or more times
Individual characteristics
Predisposing/Health-related
Age (mean ± SD c)
Marital status
Yes
No
Race/Ethnicity
White
Black
Hispanic
Asian

Na

Weighted
%/Mean

Na

Weighted
%/Mean

Na

Weighted
%/Mean

720
893

55.25 (2.27)
71.01 (2.24)

294
357

64.91 (3.49)
83.39 (2.69)

426
536

49.73 (2.87)
64.07 (3.00)

420
739

36.37 (2.08)
63.63 (2.08)

̶

̶

̶

̶

841
168
89
35
26

74.27 (1.85)
13.25 (1.37)
6.44 (0.92)
3.15 (0.80)
2.87 (0.83)

158
133
73
32
24

41.68 (3.49)
29.48 (3.11)
13.46 (2.08)
8.01 (2.09)
7.34 (2.17)

683
35
16
3
2

92.89 (1.27)
3.97 (0.94)
2.42 (0.78)
0.37 (0.29)
0.32 (0.27)

̶

56.76 ± 9.36

̶

̶

56.03 ± 8.97

̶

57.17 ± 9.55

617
542

66.26 (1.84)
33.73 (1.84)

217
203

69.69 (2.86)
30.30 (2.86)

414
325

64.30 (2.42)
35.69 (2.42)

579
230
193
39

62.57 (1.88)
11.75 (1.05)
14.70 (1.36)
3.20 (0.67)

249
81
40
14

69.57 (2.98)
10.65 (1.57)
9.27 (2.09)
3.36 (1.16)

330
149
153
25

58.56 (2.45)
12.37 (1.39)
17.81 (1.77)
3.11 (0.81)
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Table C-1 (Continued)

Variables
Employment status
Yes
No
Education
Less than high school
High school graduate
Some college
College graduate or more
Salience (Interested in exchanging medical
information with a provider electronically)
Some/A little
Not at all
Self-efficacy (Confident about taking care of your
own health)
Very confident
Somewhat confident
Not confident
Trust in medical systems
A lot
Some/A little
Enabling
Income
< $20,000
$20,000 to < $50,000
$50,000 to < $75,000
$75,000 or More
Not reported

Have access to PHRs offered by a provider
Yes (N=420)
No (N=739)
Weighted
Weighted
Na
Na
%/Mean
%/Mean

Na

Weighted
%/Mean

615
544

58.58 (2.10)
41.41 (2.10)

255
165

67.38 (3.06)
32.61 (3.06)

360
379

53.55 (2.80)
46.44 (2.80)

118
244
359
438

16.50 (1.77)
21.56 (1.82)
32.62 (2.24)
29.31 (1.74)

20
65
131
204

8.07 (2.23)
16.56 (2.47)
35.39 (3.60)
39.95 (3.21)

98
179
228
234

21.31 (2.44)
24.41 (2.47)
31.03 (2.84)
23.23 (1.95)

793
366

67.34 (2.09)
32.65 (2.09)

324
96

75.53 (3.02)
24.46 (3.02)

469
270

62.67 (2.78)
37.32 (2.78)

263
616
280

21.12 (1.69)
54.44 (2.21)
24.43 (2.01)

97
244
79

21.88 (2.66)
58.55 (3.41)
19.55 (2.80)

166
372
201

20.68 (2.16)
52.09 (2.86)
27.22 (2.70)

775
384

69.01 (2.04)
30.98 (2.04)

297
123

74.16 (2.89)
25.83 (2.89)

478
261

66.07 (2.72)
33.92 (2.72)

258
307
180
300
114

17.04 (1.46)
24.99 (1.88)
17.26 (1.77)
30.36 (2.09)
10.32 (1.42)

57
104
79
145
35

9.67 (1.73)
21.53 (2.80)
20.20 (3.07)
40.26 (3.43)
8.31 (1.70)

201
203
101
155
79

21.26 (2.06)
26.97 (2.48)
15.57 (2.15)
24.70 (2.63)
11.47 (2.00)
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Table C-1 (Continued)

Variables
Health insurance
Yes
No
Usual source of care
Yes
No
Receipt of emotional support from someone
Yes
No
Perceived need
General health status
Excellent/Very good
Good/Fair
Poor
Family history of cancer
Yes
No
Not sure
Information carrier
Utility of PHRs (Importance of getting your own
medical information electronically)
Very important
Somewhat important
Not at all important
Contextual characteristics
Metro status b
Metro
Non-Metro

Have access to PHRs offered by a provider
Yes (N=420)
No (N=739)
Weighted
Weighted
Na
Na
%/Mean
%/Mean

Na

Weighted
%/Mean

998
161

84.91 (1.67)
15.08 (1.67)

379
41

85.69 (2.94)
14.30 (2.94)

619
120

84.46 (2.02)
15.53 (2.02)

807
352

68.45 (2.12)
31.54 (2.12)

325
95

75.65 (3.10)
24.34 (3.10)

482
257

64.34 (2.81)
35.65 (2.81)

997
162

87.64 (1.44)
12.35 (1.44)

368
52

89.64 (2.33)
10.35 (2.33)

629
110

86.49 (1.84)
13.50 (1.84)

488
626
45

43.49 (2.20)
53.74 (2.21)
2.75 (0.56)

217
195
8

54.69 (3.49)
44.15 (3.49)
1.14 (0.52)

271
431
37

37.09 (2.80)
59.22 (2.83)
3.68 (0.83)

807
285
67

69.38 (2.08)
25.36 (1.97)
5.24 (1.03)

309
92
19

74.20 (3.15)
23.09 (3.12)
2.70 (0.81)

498
193
48

66.63 (2.73)
26.65 (2.54)
6.70 (1.55)

774
295
90

66.33 (2.12)
25.89 (1.96)
7.76 (1.21)

322
84
14

72.04 (3.35)
24.09 (3.27)
3.85 (1.24)

452
211
76

63.07 (2.74)
26.91 (2.47)
10.01 (1.75)

1,008
151

82.69 (1.75)
17.30 (1.75)

371
49

84.06 (2.65)
15.93 (2.65)

637
102

81.90 (2.30)
18.09 (2.30)
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Table C-1 (Continued)

Variables
Health personnel-to-population ratio
Oncologist ratio (mean ± SD c)
Primary care physician ratio (mean ± SD c)
Health facility-to-population ratio
Mammography facility ratio (mean ± SD c)

Na

Weighted
%/Mean

Have access to PHRs offered by a provider
Yes (N=420)
No (N=739)
Weighted
Weighted
Na
Na
%/Mean
%/Mean

1.29 ± 0.82
18.89 ± 10.35

1.34 ± 0.81
20.01 ± 10.26

1.26 ± 0.82
18.25 ± 10.35

0.09 ± 0.12

0.10 ± 0.12

0.08 ± 0.11

Note: Standard errors are in parentheses
a. Unweighted N
b. ‘Metro’ denotes counties in metro areas of fewer than 1 million or more; ‘Non-Metro’ denotes all non-metro areas that are not
designated as Metro.
c. Standard deviation
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Adjusted PHR Effects on Breast Cancer Screening Among Women
Table 2 shows the effects of PHR use on mammography use in women, estimated from the
probit and the IV models. Overall, use of PHRs had a significant, positive relationship to the
probability of receiving a recommended mammogram among women [1-2 times (βa=.44, p=.010;
βb=.60, p=.001); 3-5 times (βa=.52, p=.017; βb=1.15, p<.001)]. After instrumentation, the estimated
effects of the use of PHRs remained significant and positive. The two-step IV estimation showed
that women who used PHRs had a greater probability of receiving a recommended mammogram [12 times (βa=.44, p=.001; βb=.60, p<.001); 3-5 times (βa=.52, p=.002; βb=.94, p<.001); 10 or more
times (βa=.82, p=.001; βb=.49, p=.001)] compared with those who did not use PHRs. Similarly, the
three-step IV estimation indicated that overall use of PHRs had a significant, positive relationship to
the probability of receiving a recommended mammogram among women [1-2 times (βa=.32,
p=.020; βb=.37, p=.021); 3-5 times (βa=.40, p=.027; βb=.91, p=.001); 10 or more times (βa=.63,
p=.015; βb=.60, p<.047)]. Furthermore, access to PHRs had a significant, positive relationship to
the probability of receiving a recommended mammogram among women (βa=.24, p=.018; βb=.45,
p<.001).
For control variables, age was significant in all models, where one unit increase in age
increased the probability of receiving a recommended mammogram by .03 (p<.001) (in the past
year) and by .04 (p<.001) (in the past two years). Compared with married women, unmarried
women had a higher probability of receiving a recommended mammogram (βa=.19, p=.042; βa=.03,
p=.042; βb=.28, p=.009; βb=.27, p=.011). Women with lower education levels than those with
higher education level (college graduate or more) had a lower probability of receiving a
recommended mammogram [(βa=-.32, p=.033; βa=-.31, p=.040; βb=-.38, p=.018; βb=-.36, p=.027
(less than high school)); (βa=-.33, p=.040; βa=-.33, p=.007; βb=-.43, p=.022; βb=-.43, p=.001; βb=-
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.42, p=.002 (high school graduate)); (βa=-.49, p=.001; βa=-.49, p<.001; βb=-.36, p=.040; βb=-.36,
p=.003 (some college)]. Compared with those with a higher level of self-efficacy, women with
lower levels self-efficacy had a lower probability of receiving a recommended mammogram [βa=.28, p=.045; βa=-.28, p=.007; βa=-.27, p=.011; βb=-.35, p=.009 (somewhat confident); βa=-.53,
p=.001; βa=-.53, p<.001; βa=-.51, p<.001; βb=-.18, p=.009; βb=-.31, p=.024 (not confident)]. The
two-step IV model indicated that women with less income than those with more income had a lower
probability of receiving a recommended mammogram [βa=-.32, p=.041; βa=-.31, p=.050; βb=-.37,
p=.027; βb=-.34, p=.042 (< $20,000)]. The two-step IV model also showed that women without
health insurance had a lower probability of receiving a recommended mammogram (βa=-.25,
p=.030; βa=-.26, p=.024; βb=-.27, p=.026; βb=-.29, p=.015) than those with health insurance.
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Table C-2: Estimated Effects of Personal Health Records on Breast Cancer Screening among Women
Dependent Variables
Receipt of a mammogram in the past
year
a
M1
M2b
M3c

Receipt of a mammogram in the past two
years
a
M1
M2b
M3c

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

1 to 2 times

0.44 (0.010)

0.44 (0.001)

0.32 (0.020)

0.60 (0.001)

0.60 (<.001)

0.37 (0.021)

3 to 5 times

0.52 (0.017)

0.52 (0.002)

0.40 (0.027)

1.15 (<.001)

0.94 (<.001)

0.91 (0.001)

6 to 9 times

0.19 (0.534)

0.19 (0.406)

0.04 (0.873)

0.49 (0.200)

1.15 (0.055)

0.19 (0.469)

10 or more times

0.82 (0.151)

0.82 (0.001)

0.63 (0.015)

0.94 (0.073)

0.49 (0.001)

0.60 (0.047)

̶

̶

0.24 (0.018)

̶

̶

0.45 (<.001)

Age

0.03 (<.001)

0.03 (<.001)

0.03 (<.001)

0.04 (<.001)

0.04 (<.001)

0.04 (<.001)

Marital status (No)

0.19 (0.116)

0.19 (0.042)

0.03 (0.042)

0.28 (0.056)

0.28 (0.009)

0.27 (0.011)

Black

0.14 (0.407)

0.14 (0.288)

0.15 (0.266)

0.32 (0.090)

0.32 (0.041)

0.32 (0.036)

Hispanic

0.07 (0.657)

0.07 (0.565)

0.08 (0.538)

0.32 (0.110)

0.32 (0.023)

0.33 (0.019)

Asian

0.22 (0.464)

0.22 (0.353)

0.21 (0.371)

0.41 (0.297)

0.41 (0.126)

0.37 (0.156)

-0.10 (0.407)

-0.10 (0.281)

-0.09 (0.360)

-0.10 (0.475)

-0.10 (0.359)

-0.07 (0.510)

-0.32 (0.117)

-0.32 (0.033)

-0.31 (0.040)

-0.38 (0.087)

-0.38 (0.018)

-0.36 (0.027)

-0.33 (0.040)

-0.33 (0.007)

-0.33 (0.007)

-0.43 (0.022)

-0.43 (0.001)

-0.42 (0.002)

Independent Variables
Use of PHRs (Ref.: None)

Access to PHRs

Race/Ethnicity (Ref.: White)

Employment status (No)
Education (Ref.: College graduate or
more)
Less than high school
High school graduate
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Table C-2 (Continued)
Dependent Variables
Receipt of a mammogram in the past
year

Receipt of a mammogram in the past two
years
M1a
M2b
M3c

M1a

M2b

M3c

Independent Variables

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Education (Ref.: College graduate or
more)
Some college

-0.49 (0.001)

-0.49 (<.001)

-0.49 (<.001)

-0.36 (0.040)

-0.36 (0.003)

-0.36 (0.003)

0.14 (0.319)

0.14 (0.130)

0.14 (0.109)

0.04 (0.779)

0.04 (0.676)

0.05 (0.612)

Somewhat confident

-0.28 (0.045)

-0.28 (0.007)

-0.27 (0.011)

-0.18 (0.244)

-0.35 (0.009)

-0.14 (0.252)

Not confident

-0.53 (0.001)

-0.53 (<.001)

-0.51 (<.001)

-0.35 (0.064)

-0.18 (0.009)

-0.31 (0.024)

< $20,000

-0.32 (0.129)

-0.32 (0.041)

-0.31 (0.050)

-0.37 (0.142)

-0.37 (0.027)

-0.34 (0.042)

$20,000 to < $50,000

-0.16 (0.372)

-0.16 (0.189)

-0.15 (0.228)

-0.05 (0.814)

-0.05 (0.692)

-0.03 (0.817)

$50,000 to < $75,000

0.17 (0.348)

0.17 (0.181)

0.17 (0.190)

0.09 (0.667)

0.09 (0.514)

0.08 (0.561)

Health insurance (Currently uninsured)

-0.25 (0.132)

-0.25 (0.030)

-0.26 (0.024)

-0.27 (0.126)

-0.27 (0.026)

-0.29 (0.015)

Usual source of care (No)

-0.08 (0.560)

-0.08 (0.397)

-0.06 (0.495)

-0.10 (0.494)

-0.10 (0.296)

-0.07 (0.484)

Emotional support (No)

-0.12 (0.487)

-0.12 (0.321)

-0.13 (0.308)

-0.05 (0.811)

-0.05 (0.731)

-0.05 (0.725)

0.12 (0.342)

0.12 (0.179)

0.14 (0.118)

0.06 (0.675)

-0.31 (0.533)

0.09 (0.345)

-0.06 (0.849)

-0.06 (0.814)

-0.02 (0.931)

-0.31 (0.359)

0.06 (0.224)

-0.24 (0.353)

Salience (Some/A little)
Self-efficacy (Ref.: Very confident)

Income (Ref.: $75,000 or More)

General health status (Ref.:
Excellent/Very good)
Good/Fair
Poor
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Table C-2 (Continued)
Dependent Variables
Receipt of a mammogram in the past
year

Receipt of a mammogram in the past two
years
M1a
M2b
M3c

M1a

M2b

M3c

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

-0.07 (0.582)

-0.07 (0.436)

-0.07 (0.452)

-0.11 (0.466)

-0.11 (0.266)

-0.11 (0.271)

Somewhat important

0.12 (0.400)

0.12 (0.216)

0.10 (0.280)

0.20 (0.216)

0.20 (0.060)

0.18 (0.093)

Not at all important

0.22 (0.302)

0.22 (0.159)

0.23 (0.159)

0.23 (0.381)

0.23 (0.194)

0.25 (0.165)

Metro status (Non-Metro)

-0.18 (0.320)

-0.18 (0.144)

-0.17 (0.173)

-0.09 (0.681)

-0.09 (0.523)

-0.06 (0.653)

Oncologist ratio

0.01 (0.947)

0.01 (0.928)

0.02 (0.868)

-0.25 (0.153)

-0.25 (0.058)

-0.24 (0.079)

Primary care physician ratio

-0.01 (0.784)

-0.01 (0.701)

-0.01 (0.586)

0.01 (0.447)

0.01 (0.291)

0.01 (0.442)

Mammography facility ratio

-0.34 (0.355)

-0.34 (0.239)

-0.42 (0.153)

-0.17 (0.708)

-0.17 (0.581)

-0.31 (0.314)

Akaike Information Criterion

66622954

1497

2917

54317866

1222

1221

Schwarz Criterion

66623507

1684

3180

54318420

1409

1403

Independent Variables
Family history of cancer (No)
Utility of PHRs (Ref.: Very important)

Note: p-values are in parentheses
a. Probit model without instrumental variables
b. Two-step IV model using ‘access to the internet’ as an IV for use of PHRs
c. Three-step IV model using ‘access to the internet’ as an IV for both access to and use of PHRs
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Racial and Geographic Differences in PHR Effects on Breast Cancer Screening Among
Women
Table 3 presents the estimated effects of the interactions between race and PHR use and
between metro status and PHR use. All models indicated that the interaction between PHR use and
race ‘white’ had a significant, positive relationship to the probability of receiving a recommended
mammogram among women, and more frequent use had a greater effect [1-2 times (βa=.57, p=.011;
βa=.57, p=.001; βa=.44, p=.007; βb=.82, p=.001; βb=.82, p<.001; βb=.59, p=.004); 3-5 times (βa=.51,
p=.013; βb=1.24, p<.001; βb=1.24, p=.001; βb=1.00, p=.003)]. Similarly, all models showed that the
interaction between PHR use (1-2 times) and Hispanic ethnicity had a significant, positive
relationship to the probability of receiving a recommended mammogram among women (βa=1.49,
p=.001; βa=1.49, p=.001; βa=1.39, p=.002; βb=1.46, p=.014; βb=1.46, p=.007; βb=1.31, p=.019).
The findings indicate that the magnitude of effect sizes was greater among Hispanic women
compared with white women. For the interaction between metro status and PHR use (1-2 times),
the two-step IV estimation found a significant, positive effect on the probability of receiving a
recommended mammogram among women [Metro (βb=0.53, p=.007); Non-metro (βb=1.84,
p=.048)], indicating that the effect of PHR use on mammography use was greater among women
living in non-metro regions than those living in metro regions. Furthermore, all models indicated
that the interaction between PHR use (3-5 times) and ‘Metro’ had a significant, positive relationship
to the probability of receiving a recommended mammogram among women [βb=1.12, p=.001;
βb=1.12, p<.001; βb=0.92, p=.001)].
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Table C-3: Estimated Effects of the Interactions between Race and Metro Status, and PHR Use
Dependent Variables
Receipt of a mammogram in the past year

Receipt of a mammogram in the past two
years
a
M1
M2b
M3c

M1a

M2b

M3c

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

Estimate (p)

PHR use (1 to 2 times)*White

0.57 (0.011)

0.57 (0.001)

0.44 (0.007)

0.82 (0.001)

0.82 (<.001)

0.59 (0.004)

PHR use (3 to 5 times)*White

0.51 (0.055)

0.51 (0.013)

0.38 (0.076)

1.24 (<.001)

1.24 (0.001)

1.00 (0.003)

PHR use (10 or more times)*Black

-0.03 (0.979)

-0.03 (0.957) -0.24 (0.624)

1.49 (0.062)

1.49 (0.041)

1.16 (0.130)

PHR use (1 to 2 times)*Hispanic

1.49 (0.001)

1.49 (0.001)

1.39 (0.002)

1.46 (0.014)

1.46 (0.007)

1.31 (0.019)

PHR use (1 to 2 times)*Metro

0.29 (0.267)

0.29 (0.103)

0.17 (0.353)

0.53 (0.061)

0.53 (0.007)

0.32 (0.113)

PHR use (1 to 2 times)*Non-Metro

0.05 (0.896)

0.05 (0.881)

-0.09 (0.777)

1.84 (<.001)

1.84 (0.048)

1.56 (0.089)

PHR use (3 to 5 times)*Metro

0.26 (0.367)

0.26 (0.206)

0.15 (0.482)

1.12 (0.001)

1.12 (<.001)

0.92 (0.001)

Interactions
PHR use*Race

PHR use*Metro status

Note: p-values are in parentheses. Covariates are adjusted.
a. Probit model without instrumental variables
b. Two-step IV model using ‘access to the internet’ as an IV for use of PHRs
c. Three-step IV model using ‘access to the internet’ as an IV for both access to and use of PHRs
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DISCUSSION AND CONCLUSION
In this paper, I examine whether access to and use of PHRs improve the use of
recommended mammography among women at potential risk of developing breast cancer and
explores the potential of PHRs to reduce the disparities in mammography use among minority and
underserved women. I find that overall, use of PHRs has a significant, positive relationship to
women receiving a recommended mammography and the more frequent use has a greater effect.
Notably, the effect of the use of PHRs on mammography use may be more effective among
minority and underserved women. The study findings suggest that women at risk of breast cancer,
particularly underserved and racial/ethnic minorities, can benefit more from greater use of PHRs.
Policymakers should incentivize providers who offer access to PHRs to their patients electronically,
and consider developing a policy or programs that help promote PHR use among women at risk of
breast cancer, particularly medically underserved and racial/ethnic minorities.
The findings indicate that despite the benefits of PHRs, overall a small percentage of women
(25.71%) used PHRs, and among those with access to PHRs offered by a provider, about 40% did
not use PHRs. Possibly, those women may not simply use PHRs because they are not aware of or
do not recognize the usefulness of PHRs. Or, they may have barriers to use of PHRs, including
lower socioeconomic status (SES), older age, racial/ethnic minorities, lack of computer and the
Internet, limited health and technological literacy and skills, poorer health status, and greater
disability (Undem, 2010; Wen et al., 2010; Ancker et al., 2014; Sarkar et al., 2011; Butler et al.,
2013; Luque et al., 2013; Emani et al., 2012; Angaran, 2011; Goel et al., 2011b; Kim et al., 2009;
Roblin et al., 2009; Kruse et al., 2012). Additional research is needed to explore the perceptions
about the usefulness of PHRs and the barriers to PHR use among at-risk women.
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Since the implementation of the meaningful use programs, the current policy focuses on
improving health care quality and outcomes through patient involvement or engagement in their
health and health care. Growing evidence suggests that PHRs will play a crucial role in individual
empowerment and engagement that can lead to improved outcomes (Ball et al., 2007; Carman et al.,
2013). The notion of patient engagement is particularly important for those with more health needs
(i.e., chronic conditions) because they are more likely to need to be cared for and use health services
compared with general populations (Daschle and Frist, 2017). However, evidence indicates that
those with more health needs including elderly people who are more likely to benefit from PHRs for
health information are less likely to have access to such technology (Eysenbach and Jadad, 2001).
There should be more public efforts to address such an issue and to support the patients who are
more likely to benefit from digital health information to be able to have access to it.
Methodologically speaking, I address the endogeneity of access to and use of PHRs as the
key predictors of breast cancer screening utilization in women using an IV approach. Such an
endogeneity issue has often been ignored in previous research, even though it could have affected
the results. In this respect, this study contributes to the literature by addressing the conceptual and
methodological issues related to access to and use of PHRs. I find that different from the probit
model without an IV, the IV models found a significant, positive effect of PHR use on
mammography use among at-risk women. My findings also reveal that the estimated effects of
PHR use were found to be greater in the two-step IV model compared with the three-step IV model,
even though differences in the magnitude of the effect size were small. Further research is needed
to address endogeneity issues, especially in clinical research, because they can lead to biased and
inconsistent results.
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The study is not without limitations. First, despite using the IV methods, the study cannot
ascertain the true causal relationship between independent and dependent variables due to the
limitation of the HINTS. However, validating the causal relationship was not the main purpose of
the study. Moreover, some published studies used the HINTS to assess the use of information
technologies and their impact on quality and outcomes in healthcare (Kim et al., 2017; McCully et
al.; 2013; Bhuyan et al., 2016). Second, although the study adjusted for various related factors
guided by the conceptual model, there could be other confounding factors that I was not able to
control. However, it is believed that the study adjusted for both individual and contextual
characteristics to the greatest extent based on the conceptual framework. Third, the study may be
subjected to recall bias. For instance, a woman could have erroneously reported the frequency of
their PHR use. All of these limitations provide me with an opportunity to expand the study in the
future.
Despite these limitations, this study provides two main contributions to the literature and
policy. First, the study contributes to the PHR literature by filling in the gaps in the potential of
PHRs to address disparities in recommended breast cancer screening services use among vulnerable
women of racial and ethnic minorities. Second, the study contributes to health IT policy discussion
by providing empirical evidence with national survey data that use of PHRs can empower at-risk
women, particularly underserved and racial/ethnic minorities, to participate in recommended breast
cancer screening, and the more frequent use has a greater effect on mammography use.
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CHAPTER FIVE:
CONCLUSION
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SUMMARY OF PRINCIPAL FINDINGS
This dissertation was initially motivated by filling the knowledge gaps between (1) PHRs
and health information seeking behavior of women at potential risk for breast cancer concerning the
mechanisms underlying health information seeking through PHRs; and (2) health information
seeking through PHRs among at-risk women and breast cancer screening services use regarding the
potential of PHRs to reduce disparities in recommended mammography use among underserved and
minority women. Despite prior studies examining health information seeking behavior of women,
little research has been conducted on the extent of health information seeking among women at
potential risk of developing breast cancer, particularly in the context of individual information
seeking through PHRs. Furthermore, little research has been conducted on the effects of PHRs for
health information seeking on breast cancer screening among at-risk women, especially among
those underserved and racial/ethnic minorities.
This dissertation provides four main contributions to the literature by addressing the
following gaps: (1) the decision-making process of health information seeking through PHR use; (2)
knowledge and understanding of the complicated link between health information seeking via
technological means and health services use; and (3) the potential of PHRs to address disparities in
breast cancer screening services among underserved and racial/ethnic minorities. Furthermore, this
dissertation methodologically contributes to the literature by addressing the endogeneity of PHR use
using an instrumental variables approach and by developing the two-part Hurdle model for
explaining the mechanisms underlying health information seeking through PHR use by at-risk
women.
This dissertation consists of three essays. The first and the second essays explore health
information seeking behaviors of women at potential risk of breast cancer, and the third essay
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examines whether health information seeking through PHRs can empower at-risk women to
participate in recommended breast cancer screening, and the potential of PHRs to reduce disparities
in recommended breast cancer screening services use among underserved and minority women.
Specifically, the first essay examines the decision-making process underlying health
information seeking through PHRs among at-risk women by employing the Hurdle model to
explore factors related to the decisions of “whether” and “how frequently” to seek health
information. This essay found that health information seeking through PHR use is influenced by
two distinct decision processes: the decision to use PHRs and the decision of frequency of use.
Furthermore, the Hurdle estimation found that different sets of factors influence those two
processes; specifically, demographic factors are the primary factors for the decision to use PHRs,
while other factors including socioeconomic status, salience, and general health status are the main
factors for the decision of the frequency of use. The findings suggest that the frequency of use is
pivotal concerning PHR use.
The second essay examines health information seeking behaviors of women at potential risk
for breast cancer by exploring factors associated with use of PHRs for health information seeking.
This essay found that among at-risk women with access to PHRs offered by a provider, those who
use and do not use PHRs are different concerning certain individual characteristics including age,
education, salience, and utility of PHRs. Those who use PHRs are younger, more educated, and
more interested in exchanging medical information with a provider electronically, as well as value
more the importance of getting their own medical information electronically compared with those
who do not use PHRs. Furthermore, utility of PHRs is a more important factor for non-Hispanic
white and black women to seek health information through PHRs compared with Hispanic women,
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while good health status is a more significant factor for Asian women to seek health information
through PHRs compared with non-Asian women.
The third essay examines the question of whether access to and use of PHRs improve the
use of recommended breast cancer screening services among women at risk of breast cancer using
an instrumental variables approach, and explores the potential of PHRs to reduce disparities in
recommended breast cancer screening among minority and underserved women. This essay found
that overall, the use of PHRs is significantly, positively associated with women receiving a
recommended mammography and more frequent use has a greater effect on mammography use.
Notably, the findings of the interactions suggest that the effect of PHR use on mammography use
may be more effective for minority and underserved women. In conclusion, the use of PHRs can
empower at-risk women, particularly underserved and racial/ethnic minorities, to participate in
recommended breast cancer screening.

IMPLICATIONS FOR POLICY
The findings of the present dissertation suggest several implications for policy. First,
policymakers should consider incentivizing providers who use and offer access to PHRs to their
patients. Second, developing a policy or intervention programs that help promote PHR use among
at-risk women, particularly medically underserved and racial/ethnic minorities should be
considered. Third, the existing digital divide and barriers to PHR use should be addressed. The
findings of this dissertation reveal that overall, a small percentage of women used PHRs, and among
those with access to PHRs, about 40% of women did not use PHRs. Despite several efforts to
reduce the digital divide (e.g., the Universal Service program that subsidize telephone service to
low-income families), there should be more public efforts to address and minimize the divide in
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technology use and Internet access. Lastly, developing educational intervention programs that help
enhance the awareness on the usefulness of PHRs among at-risk women and provide appropriate
patient education for technology use should be considered.

FUTURE RESEARCH
This dissertation suggests several implications for future research. First, the present study
can be extended using panel or longitudinal data to explore the change of health information
seeking behaviors and their impact on health services use. Second, future research should consider
developing and evaluating behavioral interventions to promote PHR use among at-risk women,
especially those medically underserved and racial/ethnic minorities. Third, further research is
needed to explore the mechanisms underlying the relationship between health status and health
information seeking among at-risk women. Lastly, further research is warranted concerning
exploring language and cultural barriers to access and use of PHRs among ethnic minority
populations.
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